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1. 47% of light is the ea particle g 
fed alone, bil al the reft are ſu 22 
Ane, ui 


3 N ORE ORC” 
that can either be intercep- : 
| fo pry or tlas © can 1 be let 7 | [ 
N all the reſt are intercepted. N * = 1 
3 ptics we (hall yot koep br 60th definition 

: of a a ray. of 1 but ſhall uſe the word ray in a hate ſenſe for a — 4 
”- particle of lig * as it comes from the ſun. And however ſmall a particle 
of li cht! is in that ſtate, in which it is emitted by the ſun; yet, when 
we come in the latter part of optics to e amine more accurately into the 
nature of light, we ſhall find that theſe particles are not the leaſt poſſible, 
not the leaſt, that can be intercepted alone, whilſt all the reſt are ſaffers 
ed to paſs, or that can be net, alone, whilſt all the reſt are intercep- 
ted. For a ray, as it comes the ſun; will be found to be made up 
of many other ſmaller ra Ys, which are in their nature and quality quire "4 
_ different from each others Every ray, in the ſenſe we ſhall ufe this word ' - N 
at firſt, is properly ſpeaking a bundſe of ſeven ſmaller rays. But, till ve 1 
come to ſhew by what means theſe ſmaller parts may be ſeparated —4 42 
each'other, we ſhall conſider this bundle as if it was but one ſinglet! 


8 or as if it wa | the ſmalleſt part into which light can be ſeparated. 


2. Every thing is called a medium in optics, that is tranſparent, or * 7 ; 
| —— a Paſſage for the rays Y be to go through it. 
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air, whilſt they deſcribed the lines AB, EF, ſo 
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4. The refrattion org of tg 
ifs it it. 


8 ich is one medium, 
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The reflexion of a ray of light” confift 3 in its being 
4 eri be owed beck aqui into the ſame medium or 
l eee „ 
ABDE, Plat. VII. fig. 3. is a thick piece 0 and the air is be- 
d the lower ſurface of it DCE, a ray of li ht, which deſcribed the 
line AC, inſtead of into the air, when it comes to C, may be 
bent back again into the 
be made to geſeribe the 
led the reflexion of it. 


8 ; ; & 


e of on from the part of the medium hed i i on the inf 


| that it was moving in before. 


um n, whereas in reflexion OY e | 


: N AC on "Ws Wur- ſurface DE, Plat. VII. fig. 


which is contai 


bo deſcribes the Tink AC in the 6 air, pt ftrikes wy cp pe ©, it 


of the air that it was moving in before; that is, 2 


xion of it, When a fay is inflected, l 


S 18 bent, and yet the ray continues . the while in one wr the tio 
medium. When it is efracted its. cc eee 


um into another. 


8 ating fab 
ſtance to the purt that lies behind it. When it relief „it ww ſo 
much as to be-thrown, back n into e e part n 


In what refraction. differs f gp is plane likewiſe from 
be definitions. For in refraction the ray paſſes out of one medi 


tinues in one | and the fame” Ir | 


6.9 Nee os of e fs that, cds is af Fs, WA: te ndert. 
Bed by the incident ray and « line at the poin of incidence drawn per- 
© pendicular to the ſurface, on which the ray ſtrikes. 


When the ray deſcribes the line AB, Plat, VII, fig e ene 


diu . 5 


_—_ ſurface XBZ ; at B the point. of incidence, or point where the 
ray falls, draw BHperpendieular to XZ: then the angle-ABH contai 


between AB and BH is the angle of incidence. Or if the ray falls in the 
3. then draw 

0 * ence, perpendicular to DE, the angle ACO, 
1 wow 5 2 * ni e e ; 


When. a ray vo l ght os has deſcribed AB, Plat. VII. fig. 2. . paſſes out 
of air into glaſs through the ſurface XZ, and i in paſſing, is refracted, ſo 
that, ' inſtead of going ſtrait forwards in the line BD, it is bent into and 
made to deſcribe the line BC; if the perpendicular HB is continued to G; 
the angle CBG is contained between BC the line deſcribed by the refracted 


ray and BG a perpendicular to the rafraQing ſur face at the point B. And 
this 18 called the refracted angle. TED 
cc 2 8 The 


is bent! in its oourſe at C ſo macht as to throw it back again into the ſame 


ies before the glaſs, This bendit of the ray is the reflezion of it. 
I this tire we must have ſeen how w the inflexion of light differs oth 
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| * ray thoves 
The angle DBC, Wich is 
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angle of fefraction 
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are diverging ones. 
int B, "a as they go _ er f 
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| MT 1 RW | | 5 5 a | . 2 : ; | N b „ 25.5 1 85 1 one 4 5 . : 
1 I. . Rays of light are cullad converging ones, when thi 4604 or are 22 ; 
B ro one and t Point, and, as they approach this. point, come nearer 
| 5 a ot | of 4 : $1, | 8 7h] | e 1 7 EET Fe 
| . If rays are prop agated in the e lines DB, AB, CB, 1 B, Plat. vn. fig. 
* Po as to be all of them. directed to B; theſe rays converge. They are di- 
= | rected or tend to one and the fame point B; and, as they 1 this: 
3 point, they come nearer to each other. For it is evident, that they are: 
5 cloſer together when at Fand G, than when at D and A. 555 
ig e from whence diverging rays are propagated i is callad a ras- 
| diant. M | r 
* | | | | 
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from thence: ſtrait forwards in the ſame lines 
ines CE and BD. But rays t 


erge from Cas from a efore the 


2 


| the rays.tended at. fi th 
| pagated afterwards ;. or C, - which is 
; when they are on one fig 


dered as the radiant, wh 
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rom whence refrafted or reflected ra ys appear to ä 
I, called an imaginary radiant. PO Ps OT Oe ws 7 
If. rays diverge from R Plat. VII. fig. 6. in A, RB, then R 8 
is the radiant, But if thoſe rays by paſſing gh the une S5 are + 
refracted into the lines AD and-BG, inſtead of going ftrait forwards in 
. the lines AC, BE; then the rays after refraction diverge; from one _! 
another Juſt as mah as they would have done if; they. had come ſtrat — 
from 7 :- and as they appear to have been propagated from ror go on 1 
i had com from thence, this point 7 is Ekewiſe a radiant. 
the rays did not come from r, but are only made by the „ 
ion to proceed as if they had come from thence ; 7 though a ra- 6 the 
diant is not a real one, but, to ſtinguiſh it. from a real one, is called f 8 
an imaginary One. | | | . * f 1 3 
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1 or reflexion, which 
they g there. If two rays deſcribe the 
lines TM, WN, Plat. VII. 886 ſo as to towards f; and i, 
before they arrive at 7, they paſs through the ſurface $5 and inſtead e 


N 
*. 


g feat on in their frſt courſe or in the lines MA, NF; arc fract 
| to the lines MF NF, then theſe rays, though they tended . 
N 8 and ts which was their focus before refraction 


10 her if rays, that converge, deſcribe the Ines 75, ge 
Pht. VIE. fig. 7. ſo as to Wien towards the point a, this point 1. their 


focus. But q ;7 before they arrive there, they fall upon the ſurface of 
a looking-glaſs be and are reflected from thence in the lines 5A, dA, e A. 


point a, towards which thay 1 were directed before this reflexion, is their 
unaginary Dun. | 5 


18. A lens is a thin round þi rece of oliſhed by _ which has either both 
its fades ſpherical, or e 1 one of them 7 cal and the other plane. 
Spherical ſurfaces are of two forts z either convex or concave. From 
whence it is evident, that, as a thin piece of Slab has two ſides, 
multiplying the number of ſides into the different ſorts of ſurfaces, | 
which ſuch a glaſs may have, there may be fix — kinds of glaſſes. 
A glaſs may have both ſides convex; or one convex and the other plane; 


or both ſides concave; or one ſide concave and the other plane; or one 


eee eee en concave; or bothi ſides plane. But the laſt 


ſort of glaſs, that has both ſides plane, is not called a lens; ſo chat there 
are only five ſorts of lenſes, 


then they will meet at A, which is therefore their real focus, and the 
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wt 


SL 


—— 


dene A Een of we be H of . 
both ſides, is called a concave lens; and 21e lin af f. „0 
5 which is concave gn one fide and plane an the others is a Pane, ones 


lens, and z4# is a ſection of ſuch a lens. A glafs, which is convex on one 
fide and concave on the other, is called a meniſcus Keen, 
Decauſe a ſection of it Im is in the form of a oon or creſcent. | 


39. The axis of a lens is a right line, e fins throus 
the fubſtance of it, and is perpendicular to both its ſurfaces.  » 
If any of theſe ſetions of the ſeveral ſorts of lenſes between A and B 
Plat. VI . fig, 8. was to turn round upon the line cd, which is drawn 
through the ſubſtance of each of them, and is perpendicular to both 
_ the ſurfaces ; the ſection in ſuch a revolution would generate dhe lens 
of which it is a ſection. Thus, n 7 if / was to turn roanc 
upon cds ecf which is a f | Tf ono» ts | 
deſcribe a ſegment of a ſphere ; and the fide 


therefore both Mey ewe ops e ſolid, which would 


plano-convex lens. Becauſe the lens, conſidered as a mathematical folid, 
is generated by a revolution of a ſection of it a ama Nr 
1 is called the axis of the lens. 


o. The poles or vertexes of a lens are the tao extremities of i T6 axis. 
i each of the lenſe Put. VII. bg. . * and d are the two pales or 


Vertexcs, 
21. Di n . abs ol aher — a cone, 
rig ; when th fall ge and the baſe 2 

Let K Plat. wes fg. 9. repreſent a radiant, and 2b a convex lens: 

then if ka, ke, ho, kb, areghe lines, which rays gy foo 

+ and falling upon the lens deſcribe this whole d 8 

the len ef be area on, the apex of which > be g l and the 

baſe is the lens 46. 


2 ht line adb would in the ines tine An 2 plane. — 4 
2 on one nde e a e on the other: and ſuch a ſold is a 


a. of 


deam and 
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his 


anſwer the uſes we ſhall have of it. But ab isa ſection of this con 
ing quite throug 


h it from the apex + to 


5 1 is conceived 10 turn round its ais c, and. 
r the baſe of e and 45 wal generate the cone itfelf.. 
m_ the whole figur Ng 2 ) ee in Soak manner would deſc 
WEE Bick is takeny 
| r de from E and f upon the lens. N 
EE: | is like manner if B. Plat, VIE. 8 ben 
1 Z From it in the directions BB BD, BS; theſe rays an br | 
form a cone, the apf hich i is B, and the baſe RS. . Or, Sia 
I | W and fan lens form an oblique. cone Res, tl . 
N and the ba RS. 1 5 
A beam 9 Abr the the middle ray is 5 called „5 
iP . a diverging beam, or cone of diverging rays, ſuch as CR, CD WW 
1 Plat, VII. fig. 10. or BR, BD, BS, the middle ray, or that wt 2 | 1 
| 1 ſcribes CD in one of thele cones , or BD in the other, is the axis of the YN 
Wi: cone, and is therefore called the axis of the beam: And from hence in | 
FAY z beam of aral] e Te a 1 
** if rays were proceeding in the parallel 45 3 
7” dle ray, or that which deſcribes. xD, 1 | 
bk ak, 2D, 48. the middle ray 2D is the axis, | 


. . 23. Rays are ſaid 70 fall direłrꝶ upon a lens. if their <0 ER wth. ; 4 
png , the axis of the lens: hr if their axis ts que ts tht of the lens, 1 
I nes they are ſaid to fall obliquely. j 2 


| The diverging beam BR; BS, BD, Plat. VII. fg. 10. 5 
upon the lens RS. For thoug h al the rays which 7 15 that beam * | 


| are not perij 
Therefore fin 
face, the middle ray, a as it paſſe 92 = ens, detelbes this axis, 
f that i is, 85 of the beam coincides With the axis of the lens. 
—_— But CR, Cs, CD, is an oblique beam, for the middle ray or axis CD 
Ru 3s oblique to the ſurface of the lens, and conſequently is oblique like- 


| wiſe to a line drawn perpendicular to this ſurface at P, which line is the 
Axis of the lens. 
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; all theſe refracted rays taken together" dale up a cone, having the lens 
5 for its baſe, and hs focus F for its Fra.» dy "The whole 5 not 
ix "exprefſed in ir this Fbnte'; for ub is not 125 whole Ae or Vaſe, 
4 ſection of it; and con equently: 
f on of the con 8 
1 12 ys 9 the ' middle: of i Its dals * 997 
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5. hes lain of W500. ach mars by being rev a 
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© The incident beam ok nd the refrached e's af 

taken together, make a I like ew? be the incident tays are 

parallel, and deſcribe t Kies on 552 28 Flat X ig. 10. they and 

5 the refracted cone th par together make pencil. This is called 
5 AR, pencil, becauſe, if B the focus is received upon a paper, it will pine 
the image or or figure of that my from whence the rays came Which 
Ars united in that focus. Thus if there were ſeveral” eams of light, 
izt rays of one beam, deſcribing aR, 2D, 48, the rays of another de- 
ibing BR, xD, 68, and the r 278 of a third cR, yD, £S, theſe rays, 

yhen. refracted, would form three cones RAS; RBS, RCS. Ho theſe 

Eones with their reſpective incident beams make three pencils. "Now 

Jup! poſing theſe three beams to have proceeded from a croſs at a great 

Ae from the lens, one from the high elt point of it, another from 

the middle, and the dt d from the'lowe tlie focuſes of theſe 

pencils, 18 upon 4 paper at ABC woll J paint t the image of theſe 
three; point: in the croſs, And if 1 25 rays . from each ben 

Ki wt 7 if 11 1 O 


made to converge in \ the lines sf bo F þ 5 Te 5 as to meet i in 1 


- 


a? Dares 


—— 4 7 
5 Vo 
— „ WP 
0 28 
* * 
n 
* * 
* 

h W 1 x 
-S 2 
=” 1 

* I _ * 

k by * o 
N v : : = 
* - 
9 
R . 0 Mp 
# - 0 U * 
_— N 7 
4 : * 

4 

x 4 - 5 
5 H P 

* * 

8 * 
i 
| 4 1 
| | 

8. : 

1 i 
$ x 5 
-- 
| g 
_—. 
+ 3 
I 
= 

; 4 

4 : 

=» 3 

Z l * 

N . 

"1 - * 

C 


asf e ah; Ws, are ne "ris arly portal to | the angle 5 


4 : fer 5 0 bh nally. * Ke 5 401 ode *. 4; 101 48 8 it; Ae 35 1175 41 
N c Plat- VII. [7 TA a3 a center deſcribe babe che cirele ABED... f 
the angle ECG is double the angle ECF; then the arc EG, which ub- 


tends the former, will be double the arc EF, which ſubtends the latter. | 
And in all caſes whatever, whether the angles are great or ſmall, the 
arcs that ſubtend them arg er or leſs in the fame proportion that 

the angles are; a double er is fuhtended by a double are, a triple 

angle by a triple arc, and | on. Ant the ſines of angles, when they are 
great ones, are not p to ile angles. For though a dquble 

angle is ſubtended by a double are, yet it has not a double fine, In the 
angle ECG from G the extremity of one leg draw GK perpendicular 
to the other, and GK, Which is the fins ef this angle, is plan I not 
double Ep, which is the fine of the angle ECF; notw ttandng the 


| angle. ECG, oy which GK is the-find, is double the angle ECF, of 2 


For if FI is drawn parallel to EC, then Ep and KH | 
| 5 ue are ſite ſides of a parallelogram Euc. b. I. 
Prop. 34. and it is N Pr _ KH. is more than half KS, or that 


KG is not double KH CH, and conſequently 1 1s not, double Fp. This! is the: 


cafe in great angles: but in ſmalf ones it is otherwiſe, For if the angle 


ECO, is double ECL, and confequently the arc EO double the arc EL, 
double to the fine Lm; in the 


the fine On will lkewiſe be very nearſy 
ſame manner a triple angle would have nearly a triple ſine, and ſo on; 
the ſines encreaſing, whilſt the angles are ſmall, in a proportion n ſo near 
that of the angles t emſclyes, that it may be looked upon as the ame 
propo ortion without any ſenſible error. 
1 is plane that if the arcs and ſines coincided, they muſt dhways en- 
creaſt i in the ſame proportion, becauſe they would Aways enereaſe to- 
gether and always be equal to each other. Now in great angles the 
ines and arcs. differ very much or are far from coinciding ; as GK 
differs much from GE, and Ep from FE. But then, ſince Fp is near 
er coinciding with FE than GK. is with GE, it follows that Fp will: 
differ leſs from FE, than GK does from GE, and conſequently that Fp 
does not bear the ſame proportion to FE, that GK bears to GE. There- 
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vergeney as thoſe lines 
the lines BD: and BE 


BA and BC. as the angle DBE is\ greater t 
The reader m ſt erer that; 


and BE are at a greater 
and „ than when at F at 
reater than at F and G: 
ame. 80 likewiſe Plat. VIII. fig. 1. 
diant D and deſcribe DA and DB, 
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1 thean AEB, or, Than the d 
fas page Foo. Tee Juſt i ths er propor 
Ane Clit un the diſtance CF the Aivergeftey of the 
ing from P is greater 


of the iſtatice oft 


Now ADC ig elf ADB, u 
can be proved of half the «rag of ee inf 
true of HET hole an les, I Fel therefore, that ADCis as fits preater: hog 
AEC as E, or that "ADC, is to AEC. a8 C5 to CE In 


| verſely, « r ng. c to CE ty that is 18, upon the Whole Al 


AEC as CE to CD: for CE and Ep are CD and CE i 
At E draw EF ſo as to make che angle FEC equal tot] 

Then it is plane tha hat ADC! is juſt as much greater than 

is greater than AEC bebauſt 2 re equa 


tion. But if theſeanglesare ſmall theydte ene cg Pop 5 = 
the ſubtenſes FC and AC; by propoſition 2 26 ; chat! is FEC or A] N 
as much greater than AEC a8 FC is greater than AC. We are thi 
enquire how much FC: ir greater than AC. Now ADC is equal to FEC by 
the conſtruction, and ADE 18 the external angle and FEC' is the internal 
poſite angle on the fame ſide made by the line CE red the two lines 


op 
AD and FE. Therefore AD and FE are parallel, Eue,"b.T. prop 
And becauſe AD and FE are parallel, therefore CAD is equal to CFE, 
or the external angle made by a line CF croffing theſe two parallel ones 


is equal to the internal oppoſite angle on the ſame ſide. Euc. b. I. prop. 


29. Therefore there are two angles in the triangle FEC reſpe 


qual to tꝗw-o angles in the triangle ADC 3 and conſequently the 


angle in one mult be equal to the third angle in the other.” Euc. b. J. 
Prop. 32. Corol. 2. That is; theſe two triangles FEC and ADC are equi- 
Ter, from whence it follows that their ſides are proportional. Eu. 
b. VI. prop. 4. FC to AC as EC to DC. We find therefore that EC' is juſt 
as much. greater than DC as FC is greater than AC; or as the an le FEC 
or r its . the ängle DCs is e than the ar angle AEC;" or as half the 


ivergency 


CSR Re ]... ˙— .ru... ĩ OWoo 


y 5 pro cee ling inc v7 ue Weste | 
| ey are rower the 


RJ than j twice AEC e or 5 A B, 48 "ADC. is greater 5 
AEC as the diſtances of D and F inverſely. There 
bee ADB and A AEB are likewiſe as the' diſtances of D and E inverſely, 


17 the diftance Between converging. rays, that tend to 45 ferent focuſes, DE 
I tbe ſame; then the: aiftances of ff fooujes are the as the'com- 

_ vergency of te rays, aohhich tend to them. nk 135 t 3 
1745 BD, Plat. VIII. fig. 1. are che lines deſeribed by tays converging 
to the focus P, and AE, BE the lines deſcribed by other 8 | 

to the remoter focus E; ſo that the diſtance AB; between the former 

rays and the latter is the ſame; it is e ident, that the rays, which tend 
to D the nearer focus, converge mote: than thoſe, which tend to E the © 
remoter focus, or that the angle ADC is greater than the angle AEB. 

Theſe angles, or the convergency of the rays whoſe directions contain 

theſe angles, are inverſely as the diſtances of the focuſes D and E, or as 

thoſe diſtances inverted. That is the angle ADB, or the convergency of 

raystending toD, is as much greater than the angle AEB, or than the con- 
vergeney of rays tending to E, as EC the diſtance of the latter Beni VFW [5411-0 
greater than DC the diſtance of the former focus. RR 

That the angle ADB bears the ſame proportion to the Ha, AEB, 5 
that EC. bears to DC has been already ptoved in the laſt dans and 
this i all that is neceſſary to prove the truth of tis. 


4 1 
N 4 7 


30. If re rays proceed from 2 radiant at an ite diſtance, their di e 1 Y 
1s nothing, and the rays are fo f 5 


as parallel ne. 
Let F, Plat. VIII. fig. 2. be a radiant from whence rays diverge 


in the 
directions FDB, FCA. The diſtance between theſe rays at D and C is DC, 
and at B and A is BA. But BA is greater than DC; therefore the rays, 
the farther they go from F, are farther AN from one another; and 
conſequently are diverging: ones; This is the caſe when the radiant F is 
at a finite diſtance. But if the diſtance AF of the radiant F is infinite, hen 
_DE . be equal | to BA, or however the Aren between them 3 70 
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. aa, ble = ate a at eee 4 ' 
e cen them will be no greater, r 
| theſe rays proceed in lines which may be looked upc ones. 

Draw AB lar to FA, and CE pa el and equal to 
asd complete the] \ACEB by drawing EB. T ae triangles 

FBA LARS: rs ie Rar the nngle BAF Us 9g equal to the an ole 
DEB; becauſe they are oppoſite angles in the parallelogram ACE] 

Euc. b. 1. prop 34. and becauſe by „ 
The angle BFA. is likewiſe equal ho the angle DBE: becauſe FA and 
BE are parallel, and theſe two angles are the alternate angles. 8 by 
the right line FB croſſing theſe two. parallel ones. Euc. B. I. x . 

And conſequently, fince there are two angles in one of theſe ng 

| reſpeQtively equal to two angles in the other, the third angle FBA " 

dne is equal to the third angle BDE in the other. Euc. b. I. prop. 32. 

corol. 2. But equiangular triangles have their ſides proportional. . 
fore ED bears the ſame proportion to EB, "that AB bears 0 Ar. 2 
b. VI. prop. 4. Now if AF was infinite, the finite line AB would be ſo 
ſmall in reſpect of AF as to bear no proportion to it; and conſequently | 
when AF is infinite ED will. hear no.proportian to EB, For as AB to 
AF, ſo is ED to EB. But EB is a finite line, whatever the length of 
AF is. And fince ED is ſo ſmall, when AF is one 9 to bear no pro- 
portion to this finite line EB, it muſt be infinitely (mall But ED is the 
difference between CD and AB. Therefore, w rann 

diſtance, the difference between CD and AB being in infinitely fmall, theſe 
two lines may be conſidered as equal and ee e eng 
be conſidered as p So that if F is a radiant at an infinite diſtance, 
the rays, that com from thence and deſcribe lines fach as DB, Ca, are 
8 to each —— —5 je: 

- This propoſition may likewiſe be deduced e prop. 285 Ter, 905 
che divergency of rays is inverſely as the diſtance of the radiant, it fol- 
lows, that, when the diſtance of the radiant is infinitely great, "the di- 
vergency of the rays muſt be infinitely ſmall. And, when the divergen- 
cy of rays is infinitely ſmall they may be conſidered as parallc 

This is the caſe of rays that come from one and the fame point in the | 
fun. I fay from ——_ the ſame point, becauſe the whole body of the 

Jun is not a ſingle radiant but is made up of many; and the rays which 

| come from its center are not parallel to thoſe which come from its cir- | 

Ae But all rays which come from the center of it are paral- 

el to one another: becauſe the diſtance of the radiant in this caſe, when 


— with —.— n any two rays, — taken 20 Us. 
— — | | te. 
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1. Fr x tend en a an wet, ice, their emen in 5 

31 5 42 and the rays are confidered as parallel ones. HEY 
Let F, Plat. VIII. fig 2. be a focus to which rays een in the Fec- 
tons AF and BF: then if the diſtance of F is infinite the lines BD and 


AC, which the rays deſcribe are parallel to one another. Thus _ e 
dy been proved? in the foregoing propoſition, 890 


: 220 The fide of Plane triangles are to ne another, a th fe 1 ele 


** we mean Midas whoſe fides' are right lines 
Thus the N ABC, Plat. VIII. fig. 3. is a plane one. Now in this 
triangle the ſide AB ſabtends or is oppolite to the angle Ach: and the 
fide AC fubtends the angle ABC. Set one leg of the compaſſes on C and 


with the opening CB ſtrike the arc F, then continue AC to H and from 
B draw BE perpendicular to CH. This line BE is the fine of the angle 
BCE and it is likewiſe the ſine of the angle ACB. For ACB is the 
at of BCE to two right ones; and the complement. of any 

angle to-two-tight ones has the fame fine with the angle itſelf, Or other- 
Nom the extremity of on eg cat . is a line drawn 
extremity one perpendicu to t eg. Now B 

is the extremi „and no line can be drawn _ perpendi- 
cular to the e AC, unleGAC is continued in the direction CH. 
Therefore a line drawn from B ene to AC continued, that is, 
n rer ;B the center, 
with the ſame opening BC of the'co 
and from C draw the line CD perpe 


fine of the angle ABC. Now th rs nd AC are to ach 


other in the fame proportion as the nes of the angles AcB; and ABC, 


3 


which theſe fides ſubtend. That is AB is to AC as BE to CD. | 
The triangle BAE is ſimil ee CAD. Foeds theathim * 


BAE the angle at E is 


by the conſtruction: and ſo is 5 
angle at D in the trian 


CAD. And che angle at A is common to both 
of them. Therefore there ate two' . 1 in one of theſe triangles re- 
ſpectively equal to two e the other: and conſequently the third 
angle in one or EBA is equal 1e che third angle in the other or to DCA. 
Euc. b. I. 97 corol. From — follows that the fides of . 


b proportion to one = 
| thoſe — ſubtend, 
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33. The progreſs of lg 5 a, inftamtancous, but the 7 


HE Carteſia IN Fre of a different opinion archi that ke is 
I propagated from a luminous body to any oo hgh e 
in an inſtant, But che truth of our aſſertion is amply erer by er- 

vations, that have been made upon the fatellites or moons nove 

round the p upiter. Let A be the ſun, Plat. VIII. fig: 3 the - 5 
| earthsiorbit, F the planet jupiter, and. NGH the orbit of its inhermoſt 
moon or ſatellite. Now as jupiter is an opake body it will caſt a ſhadow. 
oppoſite to the ſun; and we FGH repreſent this ſhadow. - If the ſatellite, 
whilſt it is deſcribing its orbit, paſſes othrough this ſhadow from G to H, 
It will be eclipſed as long « as bi continues in the ſhadow. For ſince it has 
no light of its own, and ſhines only by reflecting unten vrhen it 
is in any part between G and H the opake body Ame ya prevents the 
ſun from ſhining-upon it : and therefore the ſatellite will receive no — 
which it might refle&, and upon this account is eclipſed t 2 
in the earth which we will ſuppoſe to beat B. When the Gutellitss comes to 
H it emerges out of the ſhadow, and will again become viſible to a ſpec- 
tator at B. This innermoſt ſatellite is 42 hours in going round its orbit. 
IIhat is, if it is at any time ſeen at H, in 42 hours it will have. gone 
ound and be returned to H again. Therefore if the carth was to be at reſt 
at B, fince the ſatellite emerges every time it comes to H, a ſpectator at 
B on the earth would fee 30 emerſions in the time of 30 Tevolutions or 
in Zox42 1==1275 hours time. And the oth of theſe emerſions would 

be ſeen at the end of theſe: 30 revolutions or at the diſtance of 127 5 
hours from the firſt of them. Bus in 1275 hours the earth inſtead of 
ſtanding {till at B will be gotten in its orbit to C. And conſequently the 
light from the ſatellite, after it emerges, has farther to go, before it gets 
to the earth, than it would have had, if the earth had continued at B. 

MC is the difference of theſe two diſtances. -$9 that if the propagation 
of f gies is inſtantancous, it will take * no tighe:g all to xe 3 
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are | this ſpread upon the retina, will fall 
thoſe of the middle one: and conſequently 1 * middle ſpot uuld 
want in „if it nel but thoſe of the 
middle pencil, will be made vpby theother rays, which arc extended from 
the neighbouring pencils and fall upon the fame place 
true of any other part of the picture as well of the middle, except only 
its edges. For at the two ends 4 and hr any where elſe. i che edge, 
the rays of each pencil are ſc: featteredy and ſpread themſelves over a ſmall 
circular ſpot, inſtead of being collected into a ſingle. point. 
e eee ere ocuſcs 
diſtin ; but it is extended as far as the extreme ſpots reach, t 1 
confuſed; But as all the rays of any pencil will enlighten a fingle point 
more; than they will a circular ſpot which is bigger than a point, the 
edges of a confuſed picture ill neceſſarily be fainter than the e 15 
a diſtinct one: unleſs where the rays of e penci 
ſpread over the ſame ſpace with thoſe of the extreme ones; 8 as 
we have already ſeen, is the caſe in the middle of the picture. But at 
the edges this is impoſſible: becauſe there are no other pencils beyond 
the extreme ones. Therefore the edges of the confuſed 7 — will be 
fainter than the middle or than any other fart of it. Now if the ohiect 
is a bright one, the edges of hn confuſed picture, though they are faint, 
will however be bright enough to be 
object will appear larger, than if the picture had been diſtin. But if 
the object is very. obſcure, the edges of the confuſed picture will be too 
faint to be perceived, and the object will ſcarce appear lar; than if the 
picture had been diſtinct. Therefore a bright object will ſeem bigger, 
when ſeen a little confuſcdly, than an obſcure one of the ſame ſize... 
This is no objection to * account that was given of the horizontal 
moon. For though the moon, when in the horizon, is not ſo bright, as 
when in the meridian; yet in the horizon it is bright enough + the 
whole confuſed, or rather . diſtinct, Fong upon the retina 
to be perceived. . IN. 


134. Objefts would apr equally bri 1 at all di Rares, if no rays were 


intercepted in their paſſage from them lo the eye. 
This follows from propoſitions 103, 113. For the brightneſs of vi- 


n — word gere 4 . 
upon the ſame-part of it Frith 


ace. This is equally 


perceived ; and conſequently the 


— 


ſion depends 4 5p the * ry of the picture upon the retina: and this 


picture would be equally bright at all diſtances of the object, if no rays 
were intercepted in coming from the object to the eye of the ſpectator. : 
Uu - The 
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hg, 0 ty do when they ate at their greateſt height. This 5 
is not owing to the remoteneſs of either of them, as has been already 


proved; \ But when they are in the horizon, the light that comes from 
them paſſes along near the ſurface, where the vapours are thick and will 
_ intercept many of the rays: whereas when they are in the meridian, the 
| light comes to the eye mare directly, and does not paſs fo far through 


the loweſt, which are 411 the denſeſt, parts of the PTY and con- 


aur / fewer rays will be intercepted. 

Some have imagined that this faintneſs of the moon in the Mn 
may be the reaſon, why it ſhould ſeem bigger, when it is there, than 
it does, when it is in the meridian. Becauſe when: an object is faint, the 
pupill in looking at it is dilated, and this, as they affirm, will make 
the picture upon the retina ſo much the — But this has already been 
ſhewn to be a miſtake, ſince we have proved, in propoſition 13 1, chat 
the apparent diameter of an object is not changed either by contracting 

or dilating the pupill. To this indeed it is replyed, that the merely-con- 
8 _ or dilating the pupill will not alter the diameter of the picture 
upon the retina, and conſequently will not alter the apparent diameter of 
an object; when the pupill is dilated the conſequence is that the liga- 
ments e and c, Plat. XI. fig. 4, are drawn outwards, or towards A and ; A; 
by which — — the chryſtallins humour will be brought forwardet or 
will be removed farther from the retina; and when the pupill is con- 
trated this humour will be removed nearer to the retina : and the far- 
ther the chryſtalline humour is from the retina ſo much bigger the pic- 
ture will be, or the nearer this humour is to the retina, ſo much leſs the 
picture will 'be, by propoſition 9g $: Now if this was true, if a dilated 
pupill made the picture larger and a contracted one made it ſmaller, all 
faint objects, which are looked at with a dilated pupill, ought to appear 
larger than bright objects of the ſame ſort, which are always looked at 
with a more contracted one : but fince we have ſeen, in propoſition 133, 
that juſt the reverſe of this happens, we may conclude that it is not the 
contraction or dilatation of the pupill, nor any conſequences of ſuch con- 


traction or dilatation, which makes the n moon N bigger in the hori- 
2on and leſs in the meridian, 


135. The judgment that we make about the dj jPance of hee tes not & 
'. Bend upon any fingle principle, 5 
The diſtance of an object is the extenſion that lies between the eye © and 
the 1 or is the length of a line d from the 2 to the K* 
Thus 
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too ſmall an angle for the eye to diſcern it. This is the reaſon w 
ſon, who is unuſed to a 8 and has not by habit acquired 
other method of judging how far an object is from him, beſides this of 
looking at the apparent ſpace that lies between him and the object, will 
be much miſtaken in his judgment of diſtances. A ſhip that is eight or 
ten miles from the ſhore, will ſcarce ſeem to him to he a mile off. For 
at land, when we have an extenſive proſpect we commonly ſtand upon 
ſome eminence, and the country about us from the valley beneath or 
from the foot of the eminence riſes gradually; fo that there the ef 
X + = or 


_ of the two, 


e © that-enter the vel — 
nor n of the hills which lie: xeyond the firlt of them. If at the end 5 
of a flat proſpect thete are two hills one much farther off than the other 1 
but qf nearly che ſme apparent height, and a wind- mill ſt = 
eas ney the yore ould not rceive at onee which of be winds 
en bans the nearer ebe two hills will hide it. In any of theſe ales 
we find out thediſtance of an object, or rather the difference between the 
_ diſtances of different objects, , by rea — upon it. How we reaſon baut 
it and form our judgment wi pear from conſidering what anſwer 
a man would make, 3 can tell which * two ſhips out at ſea or Fhich 
of two wind-qnills in the fituation laſt deſcribed appears to be the fartheſt 
off, if he was to be aſked why he thinks ſo, He might ſay that one. of the 
ſhips ſeems leſs than ie 0 d. ges that to be the nearer 


wi ppe: igger. This would be a tatioml anſwer. 
But the reader muſt obſerve that this principle of judging might fail or 
might miflead the ſpectator : for if the ſhips were of different ſizes, and 
the remoter of the two was the larger, it might appear as big ar bigger 
thanthe nearer, by lap roar 126, 127, 128. There is another th 3 
worth taking notice of in this principle of Judging} and we ſhould be le 
to it by aſking the ſpectator why he thought either of the two ſhips wag 
very far from him. His anſwer woukdprobebl y be that even that which 


the bi very ſmall. From this anſwer 


appears igger of the two ſeems to 
it is evident that he has in his mind a notion of the real magnitude of a 
ſhip, and that he has been uſed to ſee it at different diſtances: ſo that ſince 
it appears much ſmaller than! it really is and than he has been uſed to ſee 
it, when it was near to him, 2 chat it muſt be at a great di- 
ance. Upon this acorns will make falſe judgments of the diſtance 
of ſuch objects, as he is before unacquainted with and has got frequently 
viewed | t different diſtances, if he depends wholly upon this principle. 
In travelling towards a large city, or a caſtle, or a cathedral church, ora 
mountain lager ny orditary, if he has not been uſed to ſee fuch large 
— g 


. 2 | 


r fat f rom bim, _ the == of the object, 


— Plat. XU: by. 2, be one-bbjecb-atid;,H ang 
more remote than I. rom the ſpec ator,” Then if if the K or 
the rer 8 —— in the Ine FA, and theme 

Pill be (cc 1 n ſup polng that A is on the leſt= . 


his p lac | FE — toB, 
ppear in the time, BC. 


the remo er one H. T heroin rr to judge of f di 
Schar r oß the apparent place of objects, when viewed in diite+ 
rent Rtations is as ſure a principle as any: for ſuch objects, as by alteringthe 
ſpectators ſtation change place the moſt, are always the neareſt, and ſuch 
as Change it the leaſt are always che moſt remote. There is yet another 
1 beſides thoſe already mentioned, by which we ſometimes make 
a judgment of the different diſtances of remote obj eas and that is their 
apparent faintneſs. When a man ſees two mountains at a great diſtance 
from him, though he cannot meaſure with his eye the rible extenſion, 
that lies between him and either of them; though he is unacquaintec 
with their real r magnitude and therefore cannot judge of their diſtar by 
their apparent magnitude; though they both of them appear confuſed ; 
and though he has no opportunity of, changing his ſtation ſo as do try 
which has the greater parallax; yet if one of them is ſo faint as to lool 
almoſt like a — cloud in che horizon, and the other is ſomething 
brighter, he would ſcatce be at a wh to determine which Is the remoter 
of the two. 2A "lt 
All theſe — except = are obſerved in Er Dai 


The * that are to appear the fartheſt yr drawn of a leſs ſize; 


* 


ge of d 0 — ered" are nearer. I» has his me- 
thod, n hen are very remote we have not ſuch frequent oe- 
3 have when they are nearer. U 
this account we are not much practiſed in judging of —— re- 
mote objects, and therefore the mind more ſlowly for want of 
frequent exerciſe and habit, the ſeveral ſteps that it takes are mor gn 
dent, the principles, upon which it reaſons, are more eaſily diſcerned; 
and the concluſion of the judgment can ſeldom be miſtaken for the ner 
ception of ſenſe. W 3 when objects are nearer to us, though we 
judge of their diſtance. by nearly the ſame principles, yet by frequent ex- 
erciſe the mind is too quick in the ſeveral ſteps that it takes for thoſe 
prccip ples to be diſcerned and attended to: fo that pr aide ie of the 
judgment being made at once is commonly imagined to be a perception 
bf the ſenſes; we imagine that we immediately ſee the diſtance of an ob- 
ject, when in fact we have determined it by a deduction of reaſoning ; 
but by ſuch a deduction as frequent practice has made ſo obvious and fa- 
miliar to us that we have no ſooner turned our eyes towards an object, 
but we can toll x at the firſt view whether it is near to us or _ from 
us. 
Tf an ent! is at no great inan from us, and we attend to 150 vifible 
| extenſion between us and that, ſuch as the floor of a room, the walk 
of a the breadth of a bowling. green, we may then in ſome ſort 
be lad to ſee the objects diſtance. But if it is held before the eye in ſueh 
a manner as to be detached from all viſible extenſion between the eye 
and that, if we look ſo directly at the object as either not to ſee or hot 
| to attend to any thing elſe, then we muſt judge of its diſtance upon ſome 
— iples. We judge of the diſtance of objects by their apparent 
confuſion, when they are near enough to appear confuſed. When we 
know beforehand that two objects are very remote from us, and one 
E more oonfuſed than the other, we conclude that the more co 


fa 


80 URWAE nbsar 1 pl 
fe d one is che more remote. one of the two. But if chis drinciple i 
. Aud asben we k ow be object is near to us, 
and by that means are convinced that its it confalion! cannot be 
owing to its remoteneſs but muſt he owing to ig ſpoons e have a 


good reaſon for concluding, that thoſ ts, which appear moſt 
confuſed; are at a leſs diſtance than thoſe, wh h are ſeen more diſtinctly. 
We judge of the diſtance of remote objects from their parallax, or their 


change of apparent place by the f _ changing his ſtation: Upon 
the ſame e wel may judge 0 an jects x7 66A when it is — 
to _ without moving out of our place. 'For if the diſtance between the 
two eyes bears any proportion to the diſtance of the object, then one eye 
ws it from one ſtation and the other views it from a di 


iev T nt ſtation; 3 
bo that by opening each eye alternately a parallax or change of 2 


Face will be produced in the object. If c, Plat. XI. fig. 8, is an object at 
ſuch a diſtance from us that the diſtance ber the two eyes a and & bears 
ſotne proportion to it, and if 4 is an object a little farther off, then by 
ſhutting the left eye at à the object c will appear to the right eye in the 

Aline ze, on the lh hand ſide of d, and by ſhutting the right eye at 5; it 

will appear to the left eye in the line af on the right-hand fide of d. This 

change of apparent place, when each of the two eyes views the object'c 

from a different ftation;is a certain mark that the object is near to us, and 
ſo much the nearer as this parallax is greater, Indeed we ſeldo m proceed | 
in this method hen we judge of an objects diſtance; for 2 time 
will be taken up in braking this tryal: the mind muſt therefore proceed 
ſlowly in determining, and the concluſion of our judgment could not be 

miſtaken for the pereeption of our ſenſes, But though we do not uſe 

this method yet we proceed upon the ſame principles: for where the 

ſame gin, for judging of diſtances, that are applyed in one caſe, can 

be applyed in another, there ſeems to be little reaſon to doubt of their 

being made uſe of in both. It is this parallax or difference of apparent 
place to the two eyes Which makes an object ſeem double, unleſs we turn 
both eyes directly towards it, as has been already ſhewn in propoſitions 
116, 117, 118. And when to avoid this double appearance the eyes are 
bothof them directed to the object, if the diſtance of it is ſmall, they are 
turned very much towards each other, and if its diſtance is greater they are 
turned towards each other in a leſs degree. Thus in looking directly at the 
nearer object c, or in directing the optic axes towards c the eyes mult be 
turned ſo much towards each other as to look along the lines ac and bc; 
but in directing them to a remoter * , they are leſs turned n 
— 


eflar ese dee. 
objec ee; dad mind concludes the ohe to be 
—— we hire ung 95 ourſelves to — the diſtance of an 
object by this method, in which both eyes are neceſſary, we ſhould be 
at a Toſs for ſome time, if we were to loſe one of our eyes,"to'make any 
exact judgment of diſtances, till by uſe and expertence we had ſettled 
Horne other method and had made it habitual. Por this reaſons perfor, 
Who loſes am eye, is at firſt apt to miſtake the place of an object, that 
is not far from him, as will appear in his ſnuffing a candle or pouring 
Liquor out of one veſſel into another. A perſon, who plays well at tennis, 
irnſelf ſubject to the ſame miſtakes, the firſt time that he lays 


With one eye hood-winked. But in either inſtance experi | uſc 
will prevent theſe miſtakes, Thoſe, who cannot apply — principles orf 
Judging of diſtances by the help of both eyes, will by practice eſtabliſh | 


a method of judging with one eye only, upon the principles Files of apparent 
magnitude. For theſe, which are principles of judging of diſtances => 
objects are remote, will likewiſe be made uſe of, when the object 
near; where it is out of our power to make uſe of ſuch as are — 
But from the miſtakes that are made by a man, when he firſt loſes the 
uſe of one eye, it is evident, that this is not the firſt principle that we 
go upon in forming our judgments, for if it had, he would determine the 
place of an object immediately with one eye as readilyand as certainly 
as he uſed to do with both. From hence we may ſee the reaſon, why in 
looking through a lens either convex or We we nou commonly 
Judge of an objects diſtance, that is ſeen through it, by t nt mag- 
2 . only. For the object! is ſeen through ts jets detach from every 
thing elſe, fo that no extenſion between the eye and the object can be 
ſeen : and ſince we ſeldom make uſe of more than one eye in y experi- 
ments of this ſort, we have no other way to judge of the objects diſtance 
but by its apparent magnitude. Therefore when it is proved that in cheſe 
experiments we always do judge of diſtances upon this principle; yet this 
is very far from proving that this is either the only principle, or the prin- 
ciple that is in all caſes moſt attended to: all that ſuch proof amounts to 
is this, that we make uſe of this principle where it is not in our power 
to make uſe of any other, For even in looking through a lens we wy 
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be m 
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two parts of the ob 
be will find, 8 


ſtances of the two 


— 6 wo cog 2 de 
. ru When 


F little. or no uſe. 
* — Fan wow is no otherwiſe 6 — 15 the greater di- 
ſtance of it, than as the rays have ſo much more of the —.— here to 
pas through, by propoſition 134: and this will make but. lade diffe- 


rence, unleſs When objects are very remote and their reſpective diſtances 


differ very much from one another. Indeed in objects, that are near us, 
there are innumerable accidents which may vary their apparent, bright- f 
neſs: for which; reaſon the idea of a different diſtance is not ſo ſteadily 
connected by uſe and habit with the idea of a different brightneſs, as to 
make us -concludgat once, when an object appears faint, that it is there- 
fore at a great diſtance from us, Nay even in the caſe of very remote ob- 
jects, this concluſion is not made at once without ſome previous doube; 


and an object! is not judged from the faintneſs of it to be at a very unu- 


ſual diſtance from us, unleſs it appears fainter than almoſt any accident can 
| make an object appear, when it is nearer to us. This principle is com- 
monly the laſt we have recourſe to, and is ſcarce ever made uſe of, where 
we can poſſibly form a judgment upon any other. This apparent faint- 
neſs is indeed imitated in painting, but it is done rather to preſerve alike- 
neſs between the picture and the real appearance of things, than to ſug- 
geſt to us the idea of a greater diſtance of thoſe parts N which are ay + 
E. — _ 


—_— mn than think, W ich une Heer; yak aint « objects 60 e 
1 pear the moſt remote: and conſequently e hn elders 
which appear the moſt remote are made <a moſt faint, this apparent re- 
moteneſs is not ſo much owing to their faintneſs as to their ſmallneſs and 
apparent confuſion,” When the moon or the ſun are in the horizon, they 
1 appear more faint, than when they are in the meridian. But this dots 
. not make either of them appear more remote. For notwithſtanding they , 

Fi 8 ainter in the horizon, | yet even there they are either of them as 


bright , and the fun in particular is more . n other objects 
are, which are very near to us. 


RP I "The heavenly bodies, the ſun, then moon, | the other ben, aa the 
. fixed lars, thou dl they eg vary Fersen difhitices Exch tp. ſeem to 
re fare diſtance and appear as ifthey wete in one andthe mg 
3 concave ſurface of the ſky. For here all our principles of making/any 

„ 2 judgment of diftances fail us. There is no viſible extenſion, whol 
ous we can judge of, between them and us, The apparent confuſion 
| fame i \ All of them. Their real magnitudes are unknown to us, 
and therefore cannot be compared with their apparent magnitudes, The 
of thoſe, which have any, 1s not obvious, nor can it be found 
without taking up ſome time. And their apparent faintneſd is not ſuſli- 
cent to ende that they are very remote from us, and much leſs 
s it ſufficient to ſhew us wat vine of them 1 is more remote than another. 
Therefore, as our judgment cannot help us to diſtinguiſh their ſeveral 
diſtances, they all ſeem to be at the ſame diſtance from us. 1 
Indeed the bd or the ſun or any other of the heavenly bodies, will 
ſeem farther from us, when it is in t the horizon, than When in the meri- 
dian. And the concave ſurface of the ſky in an open horizon ves not ſeem 

a hemiſphere, but the parts that are directly over our heads ſeem nearer 
than thoſe parts which are directly before us about the horizon, where the 
ſky all round ſeems to touch the ſurface of the earth. So that this con- 
cave ſurface appears like a leſs ſegment of a ſphere than a hemiſphere is. 
And an arc drawn from the point L, Plat. XII. fig 3, in the horizon 

through R to the oppoſite int I will not appear to be a emicircle asLRNI 
having its center at 8, which is the place of the ſpectator, but will ſeem 
do be a ſegment of a circle having its center below the horizon, and ſo 
will be leſs than a ſemicircle, For the only viſible extended line between 


the Lars and the 1 iky, if his 758 is towards E, will be SL, 
2 


2 
* 
* 


3 2 2 
< « 18 
3 $.3-- 
33 


222 — 
— cg — — — * 
4 pr ER 
= PL. — 


N R . + x * a; 22 Sud 4 ray were ng oe oem 7 N 3 oy —_— PE _- * ra SRP ꝓ— 3 — —— — te pc at di] _ p a — y — 7 = = 
2 I . ge. * — — hong bot gp ns — — 4 4 ++ os =Y i= Hp 3 8 7 — — ——— YL 2 1 2 PP PI — FI hr 
E 8 a I 4 — 2 — ä — —— 3:4 EY = #5 9.5 henna $1 FE. > RT ea. = S 3 4 ans 2 = I; DS 
b "CR - > — > W * . N pt * w * . Deer T 2 - — * — 8 8 — < 
4 ol : f 3 s 4 9 » * « L, E Lv 2 © 1 i E 4 > FUL - A * Ps KS! : by ny 
MITES * : 5 9” 4 4 3 : = 2 3 
„ 1 22 
Ces 6 I a } 


L — 4 
7 _ o T7 C4 Y = IE 5 1 8 « _ , CG OE = * 0 . o 9 2 Þ = * * 1 
P IRA Eat Mig e- r - . „„ S a . 2 4 8 
N N 2 4 TR 7 =. "A. ab * 2 mo 4 == EE 2 — = SY 2 7 


N .* 
=> 
* 
"A 
1h 
; 5 
1 
KAR 
5 
f 
[ 
* 
2 
* 
= 
5 
oF: 
£ 


| 1 bm and * all 3 
| logks directly before him. towards L, he fees this line ta the g 


* diſtance Fay 5 it will appear 


other pens of th ſky. And fince, as the eye riſes Frida 5 orgs: 


N bu of 


arent length of it, that he poſſibly cs can. for if he 
e ommon meaſure SL will be ſeen: norepbliquely; 
and conſe equently, ice it is referred to the point B as the meaſare of its 
ſhorter than when referred to L upon 
_—_— point B nearer to him than the point 
— judge of the diſtance of the 
| te SI. is cen all mote obli quely, and there- 


which cccougt ho will ſpy 


1 fore will appear fill tore e ü diflence of © will ſeem to * e 


than the diſtance of B. And when this common meaſure is refers 


moſt oblique of all; ſo that R will appear nearer 1 any 


PR eee es and nearer; the Whole apparent figure of this 
quarter of 2 will be Löcr; and for the ſame W the eee, 


other quarter will be mtl. 
viewing objetts that we are much uſed ta, if Fay are at af fuch FA 
Seances as we can readily allow for, the judgment of the mind. 
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eme 66 0 nch TIN wars Pong Wy "and a Hates: 3 feet high l is 26 
yard ds from us, their apparent heights, as perceived by the eye, will be 


: equal, by- propoſition 128, And yet when we look at them, we are apt 
to think otherwiſe; the man ſeems to be as much bigger than the boy, 


as he would if they were both at the ſame diſtance. The two objects 


are ſuch as we ſee frequently, we have often viewed them at different 
diſtances, and know by experience how much an encreaſe of diſtance 


will diminiſh their apparent magnitudes: the diſtances, at which they are 
ſuppoſed to be placed, are likewiſe ſuch as we are uſed to, and therefore 


are ſuch as we can readilyallow for. And by a quick and imperceptible act 
of the judgment we determine which of the two is the more remote and 


what is the real magnitude of each. And having thus at once found out 


their real magnitude we attend ſo much to this, as to neglect the appa- 5 
rent magnitude e by the eye, and then think that we fee each 


of them of the ſize that it really 1s, and of the warns £ ſize. that they 
would appear if they were leſs remote. 


The reader will do well to obſerve here, that this can never be the 


caſe unleſs the objects are placed at ſuch diſtances : as we are uſed to and 
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objeQts to appear f6 ſmall. Becauſe now, having had frequent experience 
of the leſſening of the apparent magnitude by the encreaſe of diſtance, 
he does by a quick and imperceptible judgment conceive the objects to 
be of the ſame magnitude as if they were leſs remote: which judgment 
of the mind not being diſtinguiſhed from the perception of the eye, he 
thinks that he actually ſees them larger than before. And if he were to 
view the ſame objects from ſuch heights, as frequently as he ſees them 
upon the fame level with himſelf in the ſtreets, I ſuppoſe, they would 
appear to him juſt of the ſame magnitude from the top of the monu- 
ment, as they do from a window one ſtory high. For in the ſtreet a 
man at a hundred yards diſtance appears of the ſame height as another at 
ten, though the picture of the former in the eye is but a tenth part of 
the length of the other, the ſmallneſs of the picture being compenſated 

by the knowledge of the greatneſs of diſtance,” But though we think 
that a man at a hundred yards diſtance ſeems as big as if he was only 
ten yards from us, yet in greater diſtances than theſe we ſhould think 
otherwiſe. A man at the diſtance of a mile ſeems leſs than at the diſtance 
of ten yards: and as children three or four years old, who are unable to 

eſtimate and allow for ſmaller diſtances, take a man at thirty y_ di- 
EY ſtance 


Popoſition 130, it Don ma Þ gat dhe eye of a grown i per- 
ee gp e Wl 
R late for Dee of thei Qu 


_ the obj ee grate Peer home en 1 12 
Were les remote ; fine e want ofa Hug # ps to eſtim and dl you - 
pd thas,.t Hug kn e open 'ro Sram ten Help e ud 
loes not ſcer n larger than er a hundred y and , yet a mile- 
ſtoge onl — Bom us if we ran fon the next beyond i the fains 
time, will ſeem much larger than that which is a mile and ten yards 
Tom: us. AS. at the di + diſtanor of e 9 no leſs than 
at the diſ date 2 25 W. e ſi all enough | 


is — * its 2 ſtance But * we were 0 
ſee: t apts of 22 ſame ſize one at five miles diſtance ie 
other at ten, me wee kee which of thoſe two.was the fartheſt off, and 


ſeem to be j6r 44 fame fie; for it would ant; probably bethatieen ink 

e of them farther off than the other, becauſe it ſeems to be leſs. And 
cy, no ong imagines, that either of them ſeems to be as big as" it 
does, when he is within half a furlong of it. The reaſon is obvious. For 
in very great diſtances the length of the viſible extenſion between us and 
the objec, decreaſes too faſt, by propoſition 130, for the eye to make 
55 eſtimate of it; and upon this account our judgment of the objects 
ance is com monly made by attending to its apparent magnitude 28 
perceived by the eye; and when we have attended enough to this appa- 
rent ee Cp to determine the diſtance of the object, we cannot imme- 
diately allow for the diſtance thus eſtimated, forget the apparent mag- 
| nitude as perceived by the eye, and them attend only to the 5 
of our judgment about the real magnitude. If we attend only to this 
dictate of the judgment, we cannot eſtimate and allow for the objects di- 
ſtance; if we do eſtimate and allow for the diſtance, we muſt attend to 
the apparent magnitude as our ſenſes perceiye.it. _ 
Secondly ; unleſs the objects, that we ate viewing, are > ſuck : as have 
been familiar to us, ſuch as we have frequently viewed at different di- 
ſtances, till we are well acquainted” with their real magnitudes, the per- 
ception of the eye is all that we attend to in n Jocging of their magnitude. 
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2 Ade diene In poets unitfar to u 
he is — but ſtatues upon very AD, o οοf 
ſtantly ſeen as men and horſes in the trects; and therefore we cannot 
make ſo juſt an allowance for the diſtance in one arte 6 in bis ther: 
Very — ſpectators are able to mako a near eſtinggte of be length gf the 
dragon upon Bow - ſteeple, or of the belcht alu dr Mid a 
except ſuch as ſaw.thoſe figures before they ere put up. 1 
of being acquainted with the real magnitudq of the object, for want of 
having frequently viewed it at different diſtatites, that a = 45 15 

been already er in propoſition 135, wits he is travelling t 
a large city, or a caſtle, or a cathedral church, or a mountain larget than 
ordinary, is not able to allow in his mind for the dif ance. ano. 
mine the real magnitude; butattending only to the apparent magnitude, ' 
as his eye perceives it, judges. of the diſtance from thence and concludes „ 
himſelf to be nearer to them than he finds himſelf 1 tryal. 5G 
-e nay now be able to gueſs whether the r , When it is in the 
horizon, appears to be bigger, than when in the meridian,” f int _ 
of its apparent diſtance being greater, when in the former ſituation, than 
when in the latter. If this is the true reaſon of this remarkable ap- 
pearance, we muſt explane it in the following manner. The moen 
18 n, at the ſame or at nearly the ſame diſtance from us in either 
place; and conſequently the picture of it upon the retina, and the ap- 
parent magnitude, as 1 by the eye, is the fame in both, by 
propoſitions 127, 125. But the „ e diſtance of the moon, WE 
in the horizon, is greater than when in the meridian. Therefore s 
mind by a quick and imperceptible act allows for this apparently 
greater diſtance and concludes that the moon, which at this greater 
diſtance ſeems as big to the eye, as when it is in the meridian at an 
apparently leſſer diſtance, muſt neceffarily be bigger in itſelf. And when 
this concluſion is once made, we attend to it more than to what the 
eye 
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moon is larger in the horizon 1 Is * Marten ; and our attention to 
e bn of the mind is all that we attended to, the perception of 


e in the meridian at M; ſo that the 


pea | its it was at M, chat is, if its apparent 


ſtance Sm. New ſince a moon at the 
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in both — x 4 imaginat 


ſerves only to lead us to this concluſion and chen is otten. Thus 


de the eye is 64.8, Plat. XII. fg. 3, che moon in che ho 


in either place, is equal. If the moon in the mer 
diſtance SM when i int 

a n, was equal to SH its apparent diſtance when in the horizor 
wen in both ſituations it would ap of -_ ſame ſize. Bat che moon 
in the meridian does not ſeem to be at the diſtance SM but at a leſs di- 
greater diſtance SH muſt be larger 


fixe, as much larger as H is than m; and fince the eye does perceive 
e ſige when it appears at m as when at H; there- 

by a· quick and imperceptible act conceives it, When at I, 
hen At en, and we mean ſo much more to this con- 

he perception of ſenſe, as to 

lee it igger in the horizon 


fore the mind 


E Meridian at Me 1k PY 10 
Now here . apes the two” 8 n p - ” thi is. 
bog be made, except in inſtances, where the m ind * 


never efublituted inſtead of the perception of ſenſe, ex- 
clue can be made at once. But the mind 
mperceptible a manner, unleſs where the We © can 


does ſeem farther off, when in the horizon, than when in the meridian, 
yet both theſe apparent diſtances are much 


greater than the eye can cafily 


yet 
_—_ and readily allow for. If in a proſpect from any eminence we 
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: of. cannot. 75 made, except in ſuch objects: as are fami 
have heck: often viewed at differer diſtances. In | 
gers to, or that we have never ſeen but at one and the fa 
attend only to the perceptions of ſenſe; and inſtead of judging ns 1 th 
real magnitudes are from their apparent diſtances, we nate their di- 
ſtance from their apparent magnitudes as perceir Aby che eye. - This is 
the caſe of the moon; it has never been viewed by ug at more diſtan- 
ces than one; its real magnitude is what common 1 have no con- 
ception of, and we cannot tell by an alteration j 
or how little its apparent magnitude will be altere 
apparent diſtance, is greater in the horizon than in thi 
has not been uſed to make allowance for difference of 
= has never acquired ſuch an habit as is 
ing at an object, a concluſion of judgmentls 6 ful 
n of the ſenſe. WRIT; 
We may now examine the inſtance of a pi ctute in perſpe 
wie before made uſe of in explaning the opinion, that we are 
vouring to confute, In a perſpective picture, the apparent d 
ſeveral parts depends upon the magnitude of them compar 
another: ſo that one ill remoter than the re 
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| Lal teleſcope, in Propoſition 


- diſtance of the diſtinct icture from 189 rg e ene to 2 5 4 
it from the eye-glak, his Sin want butllitle proof, fince we have al- 


ready ſhewn in pr cia. that the pi e 
tiguous to the concave 1 mirrcur GH would a pear of 

the e by. What has Peer Kid in Propc 
Err icture u whet ſeen 
Min tlie g hott it, Will appea ee e 

hen ſeen 55 +a concave mirrouf, that i845 much 

the 299 appears tothe naked eye, as the diſtanee of the Pictufe f from ; 
the eye-g laſs is lefs than! its diſtan dae ftoma the mirrour; of as its dit ance 
from the mirrour i8 greater tha nt its d che lens, TACT IKE * 3 
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277. 7. Gregory” S refletting tele eſcape, 25 as th. is. now made, nfl of * 
age cube mirrours, a Plano coe Wh 
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In the tube TYTY, Plat. XV. bg. 2; a concave mirrour I. Di is 8 
ced. Through TF che open end of the tube, rays, as. II., il, and CD, cd, 
are admitted from ſome diſtant object AB. The rays thatare of the fame. 
beam, or that come from one and the ſame point in the object, are paral- 


lel, u pen account of the remoteneſs of the object, by propoi 5 30. 
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mee refrangibiliry from the violet dowinvards tome 
. are K wa blue, 80 | 


- whole picture is made up of rays of e ſeven. different © e 
from hence ſee the reaſon why the coloured pictur 5 0 * 
erently refrangible tays ſhould be. oblong in ſuch a manner that the 
"wh 'fides of it afe r it and the two ends ſenticircles.” For it con- 
fiſts, as in fg. 4, 'of ſeven e . the higheſt of which PAGQ 
the loweſt STN is red, the five intermediate 'ohes, BH, CI, DK, EL, 
OM, are indigo-coloured, blue, green, yellow, and orange. The white 
round picture T, fig. js formed by heterogeneous rays, that are of ſe- 
ven different ſorty diſtinguiſhed from one another by their different de- 
grees of refrangibility and different colours. The refr 
ſeparates theſe rays from one another by refract g ſome of them more 


ven round pictures one below another. Theſe thund vi pictures are ſo near 


to each other that the higheſt of them APGR will mix itſelf with ſome of 


thoſe below it, as with BH and CQI. This nearneſs of theſe ſeveral re 


| pictures to each ether will prevent their colours from being diſtinctly | 
ſeen, it will likewiſe make the fides AS, EN, which are compoſe of 
ſmall arcs of circles very Cloſe to one another, ___ This ak 0} 


but the two ends P and T will be ſemicircles. ET AE I 
If the centers of theſe circles continue at the ſame diſtanc 


em, rn, they will then be diſtinct or will not mix with each other; an an 

a8 ks ths colours of the ſeveral parts will by this means be kept ſeparate, ſo 
the refracted rays inſtead of forming one continued baun picture will 
form ſeven ſmall circular ones placed in a line perpendicular to the ho- 


rizon. This ſeparation of the ſeveral parts in the refracted picture from 


each other is brought about, as in fig. 5, by making the hole F in the 
window-fhutter very ſmall, and by collecting the rays that come through 
it with a convex lens MN, For this will 85 55 a _ ſmall white picture 
of the fun at L if there is no priſm abc: but the refraction of this priſm, 
if it is placed a little beyond the lens, will ſeparate the heterogeneous 
rays by refracting them upwards, and inſtead of one ſmall round and 
wane picture at L, there will be ven {mall -round pictures at which 
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lon of the priſm 
and others leſs. And conſequently the e picture will conſiſt of * | 


another and the circles themſelves are made leſs,” as-apg, 55. >, oh, a, 
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abc —— diverge and form + the — pic 


m DH to be placed at t-right 
pr the: firſt-priſm abe makes the rays diverge from one another in a 
line PT perpendicular to the horizon, and confequently the ſecond priſm 

uft el 5 
ture, as much as the folk entree its length, a and 
makes —_— ture a 40h, 0989 en he mn 20get 


n-- ſuppoſing a ſecond 


fell the loweſt at T. ate refiact 
the picture, though it contin) oblong, ban eo perpendicular to the 
horizon as PT was, bot will be inclined ſo as to lic in the poſition pr. 


This makes it evitent that the ſpreading of the rays by the firſt refractien 
was owing to their different refrangibility and to no other cauſe. It muſt 


e thoſe, which were 
ciſm, are moſt refracted ſideways by 


| be owing | to their different refrangibllity, * DECAL 
 refracted upwards by the firſt pri 
the ſecond. It cannot be owing to 
ſecond priſm would ſpread the rays 
W Fans in n and both en woul 


hole F n the window- ſhutter EG, Plat. XV. fig. 7, and this beam falls 
upon a priſm ACB, the fides of which AC and AB are equal, and the angle 
at A a night one; "when the obliquity of theſe rays,” as they are to paſs 
out of the priſm at its baſe BC, is leſs than 4.0 degrees; the greateſt part 
of the beam will paſs out, but ſome few rays will be reflected at the ſur- 
Race! BC, b n 200. The rays, which paſs through the baſe, form 
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will ak out at M, but all ef them wi 1 
When this total eflectic | is made, 'the- 


priſm is turned alittle farther upon its rg indigo colour 2 
refleced, Þ chi thivwaloue wil A 


will happen to all the 
2 is —— — each different ſort of rays 


as the rays have a greater of refrangibility or later as they — 4 
leſs degree; The red ra aK, which arethe — frangible of all will 
Ke reflected laſt of all. chat the rays o 


ppgars, 
the ſun are-differently reflcxibls, and that thoſe, which are moſt refran- 
gible are likewiſe v | reflexible, EP ET eee 


284. Rays of light, which differ in colour, differ ikewiſe i in the 

their refrangibili y. e I OE 

We have already ſeen, in propoſition 282, that rays which ub fe- 
en refrangible, are of di 
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erent colours, the moſt refrapgjbls rays of 
the ſuns light for inſtance, are violet, the leaſt refrangible are red. We 
are now to prove the converſe of this, that all violet rays whatever are 


more ible than all red ones. Let a ſtiff chart or piece of paſteboard 
DE, Plat. XV. fig. 8, be painted, half of it DG of a light purple collins, - 
and the other half FE of a ſtrong red. Now if this is viewed 
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A Homogeneouslighti ; o 7 

1 tering of the rays. .. c 15 475 2 hy) 
When the rays of any one particular colour in the oblong picture of 

che ſun, as the | rays,” for inſtance, are ſ- from one another 7 

—. —.4.— deſcribed in propofition 282 ; if ſome of theſe green 


ogeneal or are all equally refrangible, are tranſmitted 
y ſeal round hole | in a 1 3 and are 1 „ ä 


1 * _ oblong but Tren as = ther is HR which! XY OT 1 
1 . is = NEOUS light i is not dilated nor are Us 12 of 1 
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286. The confuſed appearance of objetts, <oben they are od glb refrace” N 
ä ting bodies, is owing to the different refrangibility of light, N N 
If flies, or the letters of a fmall print, or any other minute 
placed i in heterogeneal light ſuch as a direct beam of the ſuns, w 
never n ſeparated by any refraction into its homogeneous parts; . theſe 
o ETD | | 2 objects | 
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287. "mJ 1 mediums | are * 1 In rays if 3 the * 77 
be e of Baer will aluays bear tbe ſame: Proportion: Fo the, 

of the refra#tted angle, when the ray Paſſes out of one of. theſe given 
55 "4 . 1 into the other, AT 9 be, the 6 quity F the Ll 


We ” 


» T0 Io rays, * —- are * — . fake the red. ones; 5 
uently, When both the violet rays and the red rays are paſſing 
oo of ok into air, if they fall at equal obliquities upon the ſurlace of 
_ the glaſs, the violet 1 rays will be more refracted from a perpendicular than 
the red ones, or the xi fractcd angle in the violet rays will be bigger thin - 
in the red ones, by propoſitions 282, 284, 38. But if the proportion is once — * 
found, which the fine of . * in each particular ſort of rays bears 
ts the ſine of the refracted angle at. AN one obliquity as the rays are to 
paſs out of glaſs into air; the fame will always be the prog portion of theſe 
- {inesto one another whatever is the obligate or angle of incidence, when 
the rays 18 g out of the ſame medium of glaſs into the fame medi- I 
um o Thus particularly, if at any ſmall obliquity the ſine of inci- 
dence i is Oy the refracted fine in the violet rays as 50 to 77 ; the fine of 
incidence in the ſame ſort of rays will be to the refracted fine as 50 to 4.08 
at all greater obliquities. If the fine of incidence is to the refracted fine in 
the red rays as 50 to 78 at any one obliquity, this Proportion will con- 
tinue the ſame at all other obliquities whatever. 5 
In propoſition 40, it has been ſhewn, that when 4 ray of the ſun is 
paſſing out of any given medium, as olaſs, intoany other given medium, 
as air, the proportion of the ſine of incidence to the refracted ſine will 
not be chang =; by changing the obliquity of the incident ray. But then 
this was ſhewn upon a ſuppoſition that all rays as r come from me 
/ un 


» * 1 
{ . 05 | | . 
| 
CY 


* 1 L - ; 
4 Mt? NN N 5 ** * 0 x 
* Er 4 i 4 th. ad % d 4 * 4 a bh 1 * 
5 Wh 3 1 Sa 8254 * ne RAY TR 2 % 7 b . Je. F s) * 0 


1 uaty true, fince 1 we © hae now fhewn, G in ede 2575 "that rays of 1 


2 _ Ally propoſiti 1 mes * e e e 
3 e eee ones, e | 


n Frogs mY 


288, * is a ui that any \ fagle ray 5 of « aft WILEY + rt contains 


6 SR n N matter rye oy Has "oy 2 the we Wee 


We have already Pn: in; e 282, 283, : 
5 angles of incidence-violet r bee refract re turn t 

of the way chan red rpg. en CO. 
tions 37, 38, that rays are refracted when t they pals out of one medium 


into another by being either more or leſs attracted in one m um than 


they axe in ne Now Rnck, e gue x 

when red rays and violet 1 al obliq 
out of glaſs into air, ſo that ſequently 

force or cauſe of refraction is giren, Ache ſane cauſe can turn the violet 

rays more out of the way, or refract them more, than it does the red rays, 


theſe rays muſt have different moments; the moſt refrangible rays, or thoſe ; 


which are moſt eaſily turned out of the way, have the leaſt moment; and 
the leaſt refrangible rays, or thoſe which are moſt difficult to turn out 
of the way, have the yreateſt moment. But if all ſorts of rays have the 
ſame velocity, as is probable from propoſition 33, their reſſ deve quan- 
tities of matter will be as their moments, by ee 13 of mechanics. 
And conſequently any fingle ray of the moſt re of he ſort contains a 
| 2 quantity of matter, than * ſingie wy, of the leaſt refrangible 
bet.” 

It may be uf this account that a red clot a vole une fs 
pleaſant A the Os than a blue, a green, or a yellow. The red rays ſtrike 


the eye with ſo great a force as to be offenſive to i it; and the ſmall force : 


of the pale purple ones will produce too faint a ſenfation to be agreeable. - 
The intermediate colours are therefore more pleaſant to the eye, as the 


force of the rays is neither too great to be offenſive, nar toa ſmall to pro- 
duce a quick and lively ſenſation. 
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red, Fit placed in homogeneous re but red lead when e, ö 
oed in any other ſortof homogeneous ht; will have the fame colour PO | 
me rays that fall on it and are re from ĩt: if it is 


reflect all other ſorts of rays. But then the red colour of red lead, n 


' as the mme denotes, is red, when its viewed in | 
s fall upon it 


_ rays, d which Eaplaced, "ie will bert- wed | ght, 
or yellow in yellow „„ 1 e ee ee 

| ce v Id | vo any per- 7 
ticular colour, hot becauſe it reflects no other rays but'thoſe Roy a1 
ticular- colour,” it reflects thoſe more copiou 7 | 
moro ſparingly, Red lead, as it s red in red light © in greem 4 
it appea bn „or in blue l blue: conſequently it re- 
of theſe ſorts, and in the fame manner it might be ſhewn t 
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flects rays: 
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it is placed i in red light is ach brighter, than any other colour will be 
that it puts on by being placed in another ſort of light: conſequently it 
reflects red rays more copiouſly than any other fort of rays: and for this 

reaſon, when it is placed in open day-light, where it reflects all forts of , 
rays at once, the red rays are ſo much more numerous than the reſt, as 

de the whole mixture of their own colour, © 4 
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f 0 wo » 11 10 bn ti 
— * vgucrd by c poſi ion, which 2 „ 
"Bhs the colours of e Navy: 3 but chen we compound ' colours | 
45 will be altered by refratfion,  - 1716648: 1; 
When, by means of two holes in the de Ae Xi Ark! room 
andoftwo 2 two oblong coloured pictures are produced; if a circular 
piece of White 7 is fo placed that the red light of one picture and the 


yellow light of the other may fall upon it ; this mixture will produce an 
orange 


e colour, that in appearance will be like the primary. orange colour. 


the rays will be found to be differently refrangible, and they will by the 
refraction of the priſm be ſo ſeparated from one another, ag the * 
ſeen through it will appear as 5 ag circles, one-of which will be red and 
the other yellow: whereas, if the ſame paper, when'it is enlightened with | 
imple or pray. orange, is viewed in like manner through a priſm, 
the rays will be found to be equally refrangible, 'and the paper will ap- 
. ough the priſm, as it does to the naked eye, to be one orange-co- 
oured Gree diſtinctly terminated all round. After the ſame manner 
other homogeneous colours, as blue and yellow, when mixed together, 
will produce a new compound colour like the intermedii iate homogeneous 
green colour in appearance. But then the rays of this FW green will 
not be all of them equally A r as the 4 of the 121 or prima- 
ry grew colour are, 


But between the ſimple and he's vow colour, though they are alike in 
appe arance, there will be this difference: if the circular piece of paper, 
it is enlightened with compound orange, is viewed through a priſm, 


2 9 1. The whitene eſs of the ſuns F 87 A compo 17 al the primary co 
© fours mixed in a due proportion. 


15 the oblong coloured picture PT, Plat. XVI. fig. 1; fall upon 15 
convex lens MN; and then all the rays, which are ſeparated from one 
another at PT will be collected together by paſſing through the lens and 
will meet at its focus G, by propoſition 84, in ſuch a manner as to form 
a round picture of the ſun upon a white paper DE. This round picture, 
which conſiſts of rays of all ſorts, of x 2 orange, yellow, blue, green, 
indigo, and violet, is white. And this whiteneſs is compounded of all 
the primary colours mixed together. None of the rays change their co- 
lour by being mixed with the reſt ; each ſort retains the ſame colour af- 
ter it is mixed with the reſt that it had before : neither the red rays, nor 
the orange, nor the yellow, nor the blue, nor the green, nor the indigo, 
nor the violet, are made white by being mixed with the reſt at the focus; 
but though none of the parts * white, yet the whole mixture is white 
nn. 9 That 
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ther, the oblo 


7 50 eren 0 F. 1 k N 
15 That the whiteneſs the focus G ariſes from a mixtuce of all e pri 
| mary colours, is evident, For if any of the « our f F 

| lens, the focus loſes its 9 — and becomes of that colour, which - 
Site 3 from -a mixture of: thoſe, which. are not intercepted. Thus if 


all s at PT are inter ed except the ellow, the orange, and 
the ek 7 5 focus will not N but will be a OM * 


ange- co 
all the rays are intercepted at PT ka hare blue, the green, and the ye 
low, the focus will then be green. The orange in one caſe and the green 


in the other caſe is the compound colour ariſing from a mixture of thoſe 
_ rays, which are not. interce pted. Andi in ei 


were intercepted are again ſuffered in paſs through, the Jens, the focus | 
will recover its Whiteneſs. N b 


* . by 
1 : A 
2 4 } 5 


It may be more difficult to ſhew that the rays, when they are all of 
them hey pe the focus, retain their;proper colours, and are none of them 
2 though the compound mixture is white. To make this out, let 
. pp om DE, where all the rays are mixed upon it at 
6 to d, where it will receive the rays, after they have croſſed one: 


at the focus, and having got beyond it diverge again, by propoſition, 1 1 18. = 


In this poſition of the paper, becauſe the rays, tas ow mixed at the 
focus, have 18 50 from thence and are again ſeparated from one ano- 
red picture will appear again at f , ſo that the red 
colour T, which was the loweſt at the lens, will be tt 8: the _ 
paper de. But thou 59 the colours are thus inverted by paſſing the focus, 
yet all of them appear at p; which would have been Lane yo if — 
ſort of rays by being mixed with the reſt at the focus had loſt their co- 
lour and had been made white, Nor indeed is the colour of any fort of 
rays at all changed by being mixed with the reſt at the focus ; but the 
fame rays, that produced any particular colour in the oblong picture PT, 
are the rays that produce the fame colour in the inverted picture 2; as 
would be evident from intercepting any particular colour at PT: for if 
the green rays, for inſtance, are intercepted at PT there will be no green 
GPs or if the red are interce 8 ul bas there will then — red 
colour at h: and the fame thing w n intercepting the rays 
of any other colour at PT, d then Fit Lf will vaniſh at p. 


292. Colours may be produced by com pofition that are neither * lile 
any of the primary ones nor fully ubite. 


If the red rays of one coloured picture are mixed with the violet rays 
of another; according to the various proportions, in which they are mix- 
ed, various purples will be produced, ſuch as are not like in appearance 
to the colour of any homogeneous light; and of theſe purples mixed with 
yellow and blue may be made other new — 5 

J 


et caſe, if the rays, chat 


f 


AY 


niken, 667 


mixing the colour Fo ers, "which painters uſe, ut the 
ders —— refers the 'pricnaty en yet the mixture may 
rey, of dun, or ruſfet-brown, ſuch as are the colours of a mans nail, 

Wuſe, of athes, 7 ſtones, of mortar, of duſt and ditt in 
_ the igh-ways. Thus one part of ted lead and five of viride ætis . 

1452 colour like that of a mouſe. If to orpiment, which is yellow, a 
full bright purple powder uſed by painters is added, the mixture may 


N 


be made uf ax dere 3 and with the addition of a little viride tis, which, 


green, and of a little blue biſe, this pale red will 


280 cut, or of a mans ſKin, 


grey, dun, and ruſfet colours are only imperfett ſorts of white: 
| And we may  Unerfiand, 1 the mixture of theſe rr wders 


5 ing 

of the K, that b apo 
whence their colour: Sorry ate bee: but r e rele en 
thoſe more 5% han with bodies do. Red lead, for inſtance, re- 


flects fewer red rays than white paper does: for 1 4 — and white pa- 


rays, it may well be ſuppoſed to ſupp open rays of other colours. 
Since its redneſs is owing to its as en rays more copiouſly and all 


other rays more ſparingly, as was obſerved under propoſition 289. From 
hence it follows, chat in a mixture of coloured A though they re- 
fect rays of all forts in a due p 


not be more of one colour tl 
whiteneſs will be much lefs bri ht than that of paper : becauſe the mix- 
ture of powders ſuppreſſes l 
fleas almoſt all the rays, that fall upon it, and ſuppreſſes ſcarce any. Thus 
the whiteneſs in the mixture of powders and the whiteneſs in the paper 
are both of the fame fort, and differ from one another only in degree 
or in the quantity of light. Therefore if ſome of this mixture of powders 
is placed in bright ſun-ſhine and a piece of white paper is placed in the 


portion ſo that the compound light will 


ſhade, the mixture by thus encreaſing the light and the paper by thus di- 


miniſhin g it may be made to appear equally white. 


293. The colours of all bodies are either the fimple colours of 8 


ligbt, or ſuc eee colours as ariſe 22 2 a mixture of homogentots 
light. 


Tons” RT 2 


wi r te” fuch as is the colour of aſhes, or of wood 5 


rom the 


5 pear of a brighter red than the lead. "But cken kee many red 


n another, but will be white; yet the 


ſtops many rays, whereas the paper re- 
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tion or en can 2 m—_—_ e 495.4 A colour 
of no natural body can be an any other than el her the;colour of ſome-ſfort = 
of homogeneous light, or a compound colour Arif g from a mi 
the ſeveral ſorts. For bodies appear. coloured only by re ecting light 
and no reflection ein give 1 other Ae to the; rays & but what th 
Wben in the foregoing p coepoltions or in any of thoſe u which | 
we ſpeak of light and rays as 8 endued with colours, we muſt 
be underſtood to ſpeak not philoſophically but according 
ceptions. For properly the rays are not coloured. In ti no- 
thing elſe but a certain power and diſpoſition to raiſe in the mind che idea 
of this or that colour. For as ſound in a bell is nothing but a trembling 
motion, in the air it is nothing but that motion propagated from the bell, 
and in the mind it is an idea Which this motion, when conveyed to the ſen- 
ſorium, excites in us: ſo colours in the object are nothin 


g but ſuch a mo- . 
dification, figure, and contexture of its. parts, as makes i it fit torefle 


or that ſort of 4 more copiouſly than others; in the rays they are no- 
thing but the di 7 or powers of thoſe rays to propagate this or that 


8 to the ſenſorium, 10k in pd W e are. he: ideas, en * 
thoſe motions excite there. 1 oo | 


| 294. The different reſrang ly of Ii 


11 we lock chroug h a re fagting pe at any . the lis 
of this object ſhould be diſtinct in the principal focus of the eye-glaſs, 
by pepe 172. But in a refracting teleſcope there will be no one 
diſtinct picture of the object any where. For ſuppoſe we were looking at 
the moon, the light, that comes from the moon, conſiſts of different 
| ſorts of rays, and each ſort has a different degree of refrangibility. The 
violet rays are refracted moſt, and the red rays leaſt of all. Therefore, in 
paſſing through the ob) ect-glaſs, the violet rays will be made to converge 
more and will meet in their reſpective focuſes, or will form a diſtinct pic- 
ture, nearer to the object-glaſs than the red ones. Thus if there are ſeven 
different ſorts of rays, inſtead of one picture of the moon, there will be 
ſeven; and each picture will be in a different place: the violet picture. | 
will be neareſt to the object-glaſs, the red one will be fartheſt from it, 
and thoſe of the intermediate colours will be between them. Now to ſee 
the moon perfectly through the teleſcope ; the rays of all the ſeveral ſorts 
of colours ſhould be mixed together, andthe — compoſed of this mix- 


ture 
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of he, 'groen. picture, 
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particular 
mixed there: but then the picture made from the mixture will be con- 


fuſed. For the violet. rays, and all thoſe, which are mote refra 
e green ones, will have met in their re 
have 


begun to diverge from thence, before they come to. the: 


other pictures of the more refrangible colours will: 5 donfuſed. The red 


rays, and all thoſe, which are leſs refrangible than the green ones, will be 
converging and will not be come totheir reſpective focuſes, when th ey get 


to the place of the green picture; and conſequently, at the place of the 
picture, all the other pictures of the leſs refrangible colours will be 
{cd. The fame is equal y true in any other place, If the picture made 


dy one fort of rays is diſtinct, thoſe made by all the other ſorts will be 
confuſed, Therefore the compound picture will always be imperfect, 
t for the ſame reaſon, will be 1 im- 


and the moon, or any other obj 
perfectly or confuſedly through a refraQting teleſcope, | 


29 5. When two refrafting teleſcopes of different lengths magni if 7 uh, 
_ the ſhorter ä . c 00 will be more el than the 


If the principal focal diſtance of the objekt glass is 20 inches mid that 


of theeye-glaſs is; inch, ſuch a teleſcope will magnify an object as much. 


ſpective focuſes and will 
place of the 
green picture, and e ar at the place of the green picture, all the” 


lun 


as another teleſcope, in which the 3 focal diſtance of the object : 


| Now fince the object appears equally — ifyed, through either teleſcope, 
it is plane that the diſtinct picture in each of them appears of the fame 


ſize, | when it is viewed through the eye-glaſs of its reſpective teleſcope. 


But the diſtin& picture, though it appears equal in each, is bigger in 
one of the teleſcopes than in the other Þ x the diſtinct picture 1 in the 


longer teleſcope is 20 feet from the Ns bs. and in the . is only 


glaſs is 20 feet and that of the eye-glaſs is; foot, by 3 IAC. 


20 inches from it, by the conſtruction : and ſince as 20 feet is to 20 


inches, ſo is 12 to 1, the diameter of the diſtinct picture in the longer te- 


leſcope will be 12 times the diameter of the diſtinct picture in the ſhorter, 


by prop. 88. But each picture through its reſpective eye-glaſs appears 


of the ſame ſize. Therefore the picture in theſhorter teleſcope is magnityed 
12 times as-much as that in the longer: for ſince it is 12 times leſs in itſelf 
it could not appear of the fame ſize, unleſs it was 12 times as much mag- 


NG Both theſe pictures, which Thave baherto called I would 


be 


Sa? a refracting object- oy N 
Bo eng bi of Hake, Barn plctire p 


by propoſition 283, conſiſts of rays that are differently by ler 


the fame diſtance, ll 
magnify much, muſt be bag, b by opoſition 295, yet re 


— 5 ren 
© Weave ſeen, in propoſition 294, that the iQture of an nn 


upon account o 4 
Bous g 10 a 2 
— 


imperfections. 


mirrour, will not be liable to the Gitie 


reflection will never ſeparate theſe ra 
ſome of them are reflected, whilſt t 


s from one another, unleſs Are | 
are tranſmitted in the manner 


deſcribed in proving p 3 283. But When all the rays, the red, 


orange, yellow, green, indigo, and violet, fall together upon the 
e ho Kay poliſhed mirrour, as they al are aa Wie 


incidence and are all reflected, they will aft have equa angles of reflec- 


tion, by propofition 201, and conſequently will al meet in a focus at 


From hence we ſee the nabe why though refracting 


- teleſeo 


ecting te eſcopes, 
that magnify as much, may be For the picture in a refracting 
tcleſcope is an imperfect « one, and will not bear magnifying much by the 
eye-glaſs, as was proved in propoſition 295: but the picture in a reflec- 


_ ting teleſcope is more perfect; and conſequently though it is ſmall, as it 


will be, by propoſition 256, when the concave object-mirrour has a 


ſhort principal focus, 45 it will bear ang by the me bs as much 
as we pleaſe, 1 . 
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1 Water air, g 
4 aur % 2/5 er: der 


ATER, 2 eee ee en 
may be blown up into a bubble. A, 


children play with. If this bubble is ſet under a glaſs, ſo that the mo- 
2 


appear at A, and will ſpread themſelves from thence in ri 
A and farther and farther dowa the ſides of 
they vaniſh at BC in the fame order in which they 
inſtance, the firſt colour that appears at A the top 
e 3 
of the bubble A becomes blue: this blue ſpot ſpreads i If in the fame 
manner round A, and then A becomes red a ſecond time. Before we go 
on to con other colo s ail tA, ve ai ear what be 
comes hole, which ariſe firſt, The red, which firſt appeared: 
ſpreads itſelf into a circular ring round A; this ring grows larę 


Water Fides down the ſides of the bubble; ſo that the coloured ring glides 


» bubble. 6 
ed. Thus, for 


encompaſſes the . In like manner the blue, which ariſes at A af- 
ter the red, ſpreads itſelf and deſcends down the bubble, as the red ring 
did, The colour, which ariſes next at A, is red a ſecond time; this 
ſpreads itſelf in the ſame manner, and is ſucceeded by blue a ſecond time. 
| Theſe are followed by a great variety of colours, which appear ſuc- 
ceſſively at A and ſpread themſelves from thence in this order. Red, yel- 
low, green, blue, purple; then again red, yellow, green, blue, violet; and 
laſtly, red, yellow gps. ey _blue. This laft blue colour is ſucceeded at A 


by a black ſpot, which relle ſcarce any light: this ſpot dilates itſelf, 
but not into a circular ring as the colours had 
breaks. 


and broader, till the bubb 4 
A thin plate of water of the flame fort with this bubble, but more 
laſting, may be. otherwiſe procured, If a piece of plane poliſhed glaſs is 

placed upon the object-glaſs of a long teleſcope ; as in Plat. XVI. fig. 3, 
the plane ſurface of one glaſs and the convex one of the other will touch 
one another only at a fingle point; and if the interval between n! is 


filled 


Plat. X VI. fig. 2, uch a 


may not affect it, then, as the avater glides down the ſides | 
of it, andthe top of it at A grows thinner, {eyeral colours will ſuccethyely : 


the bubble is red: 


down the bubble ala: with the water, till it finks at laſt to BC and there 


done; it becomes broader 
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| Mod with en ebe: 
it in the ſame order, as in the 


ned in theo 


of the plate at B and C, then we muſt call blue the firſt colour. But if we 
reckon them in the order, in which they aroſe at A and ſpread theme 


amy ia in Herd. rings 


fame order, that they ſtand in 


that figu re 


, in which they ſtand on the plate of water, after the black 
at A; and we reckon them rom the ber A warned 


Tpot a 


ſelves, then we muſt begin from B or C the edges of the te and go on 
towards A, and in this reckoning we muſt call red the ay e 


« If there is no water between the two glaſſes, then the interval will be 
filled with air, and this thin plate of air will have the fame dre, -that 
the plate of water had; with this difference only, that each of the co- 


loured rings is larger in the plate of air than in the plate of water. 


*mefal, ſuch 
r on poliſhed ſteel by heating it,” or on bell-mietal 
ind then Nn it on the gror nd d to 3 in the 


29 8. When the thin * rs denſer than the DE that 3 it, "the 


colours are more vivid, than _ are, 4ohen the Plate i is rarer than 
' that medium. is 


A thin bubble'is a plate of water enco 1 wich air: where the 
ſubſtance of the plate; which is water, is denſer than the air, which is 


the medium that ſurrounds it. On the contrary, the plate of air between 
the two glafſes BAC, DAE, Plat. XIV. fig. 4, is encompaſſed with glaſs: 


and here the ſubſtance of the plate is rarer chan that of the circumambi- 


ent medium. And the colours on the bubble of water are more vivid than 
thoſe on the thin plate of air, 


29 99. When thin tranforent Plates refed one for of rays, 4 reſui — 


t be. reſt. | a 


a * 5 — 
* : | : If 


in the ine BC, on cagh Bide of f. ü colors Veretke- 


When glaſs is blown very thin at a Jamp-farnace; thin plates of it 
thus formed will exhibit Neg and fo likewiſe will thin plates of Muſ- 
covy-glaſs. Metals, when they are heated, ſend out to their ſurfaces ſcoria 
or vitrified parts, which cover the metals i in form of a t 1 ſkin: and 
theſe ſcoria or thin plates cauſe colours upon the ſurface'of 
as are made to a 
io. melt! ing it 


ſoap-bubble, If BC, Plat. XVI. fig. 4, 3 
a ſection of the plane glas and DAE a ſection of the convex one; When 
they are preſſed cloſe te the thin plat of water, that fills the inte- 
val between them, will haves lac c& Hoh at A, and this ſpot will been 15 
compaſſed with rings of colour: No 
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f aix between: 0 wos E. Plat XVI. 
efleCtec Vehe, ; te colour of itare hot © expreſſed 


99.the cole there 5 6 8 0 p = . that fall 

N onthe paper, are expre on ac 40 = part gure. Now any 
of the tranſmitted colours are what would ariſe from a mixture of all the 

ning rays, aſter thoſe of the reflecec are ſeparated from the 


reine de 
ſuns heterogeneal light. Thus for ſtance, the fourth reflected colour 
from the black ſpot A incluſively is yellow, the tranſ mitted coll is 


he yellow rays and-ſome of the orange and g e ate reflected 

| here, fo thr — mixture =. the refledhed. light will.be yo u.. Tho mix: 
8 rather aach 

purple, as is not exactly fil any of the pridjary @louras for we obſer- 

ved, in propolition 2 292, that eme red Wee n lue new:pr 

may be produced. rock 

Wee leer fone n. n tur cal lb 


ag. kr? che ſtrong ight 8 re gl "hich 

5 is ere e reuecy 1 * , 3 n thus een * 
5 tranſmitted h ght. : A1 1 3 FA & » 1. e EE A th gh?” Saber v7 1 Ar 
- +4; DR: Fyenth, reflefied — ey | 
| the, ſeventh. tranſmitted colour ig — When the rays, which make 
the blue colour, are taken out of the ſuns ab light, theremain- PS 
ing rays will be yellow. Thus it happens likewiſe in ſome natural bo: 
dies; for an infuſion of lignum nephriticum, which is 3 wa n ſeen | 

by reflected light, is yellow, when ſeen by tranſmitted n 
The black 4 A ee light; and as rays roolouts 
1 — 1 there, the tranſmitted colour — as it- — to be 
ſition 291. The third reflected colour from the black ſpot inclu- 
550 ; white. Therefore ſince, by propoſition 291, all the rays are re- 
fected there, no colour ought to be ſeen there, when we look through 
the 40 and accordingly that part of the plate is black. 

Hente we fee the reaſon why if there be two liquors of full colours 
in two derem glaſs veſſels, ſuppoſe red and blue, though each is tran- —_ 
ſparent, when we look through it ſeparately, yet we ſhould not be able to — 
fee through both of them together, if one was held behind the other. mn 
For if the blue liquor for inſtance is held towards the light and the red 
towards the eye; ſince only blue rays paſs through the firſt liquor, and 
come to the ſecond; and ſince the ſecond Gar will tranſmit no blue 

FEE 5 O oo hs EE: . 
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through the olas ; "theſe yellow rays mak are e e- 
cond ſurface, the few which are refle ee 
©  totinge all che light yellow; wwhich'is reſſected for the felt furface. 
... ma packing leon ht 

; | backſide; for by this means the reflected colour will be loſt: whereas if 
Ford Ig er ne RO Ds 
3 ; 4 C I a „ e 6 e 4 ; 


Wee the ſubſtance it, out of which a thin plate i mn the „ 
ant I the. thickneſs of the plate, aubers it reflets any certdin colaur: 

| The colour rs the ame whether there ini or water bessten the 
| of water than in the plate of i. Thus the yellow, for inſtance, whic 
is the fourth coloured circle from the black ſpot, is a leſs; crcle, or is 
rer to the blaci pot, when there is a plate of water between the lafles, ; 
e ee them. But the leſs the diſtance 


| conſequently ako-thinnie wit-be.the; alone Her inbanin Beg: con- 
ſequently that part of a plate of water, where this yellow appears, is thin- 

5 der than that part of a plate of water, where the ſame colour appears. 
And the ſame holds good in any other colour. But water is more denſe 

than air. Therefore the more denſe the ſubſtance is, out of which a thin 


plate is made, n where it v flects an 
certain colour. pee. | . or 6 376- 


301. The ſort of colour, which is refleted from any part of a thin Mate, - 
defends only, upon the thickneſs of the plate itſelf in that part: but the 
ame colour will be made leſs vivid by encreaſing the 4 of the me- 
dium, with which the plate is encompaſſed. 


The colours upon any part of a thin plate of Muſcovy-glaſs are the 
fame in ſort, whether the plate is dry or wetted with water, Therefore 
che fart of colour i in any part depends not upon the medium that encom- 
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ranſmitted. i And if debe the plate; dee 


— —— 35 all — il — | 
mitted: "the ices 4, ey wil r ee - 
* expreſſed by the lines in the figure, the rays will be reflected, 
parts of the plate, where the thickneſs is expre ed by any of the un- 
even numbers 1, 3, 5, 7, g,60c: ted, where the thick- 
neſs is expreſſed by any of the even numbers 2, 4, 6, 8, 10, &. 
| Now. as the plate is the ſame in all parts; the cauſe of this alternate —Y 
reflection and tranſmiſſi muſt beinthe rays themſelves. And their di. 
„ ee ee eee, leere | SS 
fits of fy refleftion and eff dannen, | 
The rays that are in a fit of eaſy reflection penetrate as far 
cond ſurface of the plate. For if the ſecond W of a chin plate of 
Muſcovy glaſs is is wetted, the colours canſed by the alternate reflection 
grow! fainter, Whereas if the reflection was CUTS at the firſt ſurface, 
wetting the ſecond could not affect the colours. But ſince thoſe rays 
which have paſſed from the firſt ſurface of the plate to the ſecond, her 
the thickneſs of it is 1, are reflected, and thoſe, which have paſſed from 
the firſt ſurface to the ſecond; where the thickneſs of it is 2, are tranſ- 
mitted; and then again thoſe, which have thus paſſed from one ſurface 
to the other, where the thickneſs is 3 are reflected; and thoſe, which 
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| 3 1 1 7 late will be alt en n 
ö DAE, Plat, XVI. figs 4, is view: obliqu 


= 7 themſelv and conſequently a ring of any one edtour 


| : gets into that oo of the plate, where a ring 0 ſome ( F 
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f the pl ite is denſer than the. medium that encompaſſes it, the colours | 

e when uieued obliquely, change leſs, than ey would, - if the 
Plate ud rarer than the medium that encompaſſes it. 

A bubble of water is a thin plate denſer than the air, that encom- 

paſſes it: and a plate of air between the two * DAE, Plat. XVI. 

fig. 4, is rarer than the glaſs that encompaſſes it. Upon viewing each of 

_ theſe — plates — the coloured ring on the Plate of water _ 
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thoſe on'the plate of air, Therefore ſince, by prop 
dilatation of. the ringe, that ring of one colou 
2 ne pe 
My; that ig ſince: it is 
ſeveral. parts of the plates chan nge n, 1 Alen, Wt. 
jp eee with air changes colour leſs, 4 0 
iqu ly, than any part of a plate of ur eneom ; 
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305. When the mi um, w lieb encompaſſes a burn tranſparent 
| 15 57 the colours change leſs pm altering the fituation 
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396. De Pp enge 0 of . bodies. is. owing, ty the, many Y reflection ks rac- = 
win, which the rays of light ſuffer within bin thoſe n., lee "8 
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| HE ſmalleſt parts of almoſtjall natural bodies are tranſparent, 28 
will readily be granted by thoſe, who have been uſed to lopk 
Rk microſcopes, A piece of leafugold'is tranſparent, if it is held up EE, 
againſt the hole a a window-ſhutter in a dark room. And any other ub. „ 
ſtance, however opake it may ſeem in the open air, will appear tranſpa- | 5 
rent by the ſame means, when it is made o a ſufficient Ss  _ _ 
metals become tranſparent, if they are diffolved' in a proper menſtruum, 4 
as gold 1 in aqua regia, or ſilver in aqua fortis, and by being thus diffolved = 7 
are reduced to very ſmall particles. But fince even in opake bodies every 
ſingle particle its light or is tranſparent, the whole would 
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ikewile 1 
tranſmit light, unleſs the rays, when they are to paſs through all the | 
particles, which make up the whole, were ſo turned out of the way by 
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water or r oyl, ade tranſparent, 
paper is thoroughly wetted with water or oyl, the x 
with a medium that is nearly of the ſame de iy. uh its 
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the parts of each fluid are 

- which are of a t in between them. 
Bt The parts of bodies and their interſtices. muſt ot be 75 than of a cer- 
tain definite bigneſs to render them: opake and coloured, 


> tranſparent, when their particl 
0 As metals ſuch as gold or ſilver, which are opake in large 
tranſparent, when the former is diflolyed i in aqua regia and 
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Au 
the top ofa mers of water, where the water is extremely thin, there 


Ba black ſpot, which: reflects ſcarce any light at all; though the water 
"of 


8. And, in propoſition 297, we obſerved that, at 
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= where the glaſſes touch o 2 ther „ but alſo round that point to - og 
y near to one 2 r. From hence we 
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„ according to che different 
8, by propoſition: 2. Y. No if 
any par feof fork + thin plate of ca 8 where it 
one uniform colour, ſhould be ſplit into threads-or brokemirito-finall- 
ticles; all theſe particles would make a heap of powder of the fame o 
Iour. And the ſmall particles of natural bodies, ſince th 
like ſo many fragments of a thin plate, muſt exhibit oo 
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brefore their tranſparent particles, uf 
are much denſer than the medium, which 
| 1 : ncompaſſes thoſe pere - & fils the interſtices between them. 
3 xx | Nor is the caſe otherwiſe even in thoſe bodies which do change o , 
up | ved obliquely, ſuch as chanpeablefilks; or the feathers fa 
a Ae. neck. For this change of colour; upon the 
ed, is no reaſon for concluding that the me- 
or pores, is more nearly of the ſame den- 
cles, upon which the colours depend, in theſe bodies 
Since the change * colour is plain 2 ſeeing 
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in one poſition of ths © eye more of) the arp is * wp in . ä 

ſition of it more of the woof is ſee. In like manner, if a pidgeons neck 

appears blue in one pof , and ai _— "another, * 
1 2 in theſe differer 
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311. ade che colour of a lach make any conjeFure about the 
te particles, upon which its colours depend. ee eee 
21 , from the appearance of the colour in any yellow body, that 
0 we had determined its yellow to be of the ſame ſort with that, which is 
next to the black ſpot in a plate of air or water, or glaſs, T he thickneſs 
of a plate, where it appears of this colour, is different according to the 
18 different denſity of the ſubſtance out of which that plate is made, by pro- 


i poſition Zoo. The thickneſs of a plate of air, where it appears of this 
5 colour, is greater than that of a plate of water, where it appears of the 
ſame colour, and much greater ſtill than that of a plate of glaſs, Sup- 
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glas: ince the particles muſt be larger, if their denſity is equal 


if it is equal to that of water, than if it is equal to that of glaſs. And in» 
| deed we have good reaſon to conclude that the denſity of the parts, up- 
on which the colours of natural bodies depend, is greater even than that 
of glaſs; and conſequently that the diameter of thoſe. parts is much leſs 
than the thickneſs of a plate of glaſs, where it appears of the fame co- 
Jour with the body. For upon being viewed obliquely thin pate of glaſs 
change colour, whereas natural bodies do not: and the colour of natu- 
ral bodies is made more unchangeable than' that of thin en of glaſs by 
their particles being more denſe than glaſs is, by propolitions 305, 310. 


* 


312. When the rays of the ſun fall upon a drop of rain 1 


eye of a ſpectator, who has bis back towards the fun and his face to- 


IF XY, Plat. XVII. fig. 1, is a drop of rain, and the ſun ſhines upon 
L it in any lines 5f;, 5d, ga, &c. moſt of the rays will enter into the drop; 
ſome few of them only will be reflected from the firſt ſurface, by pro- 
poſitions 198, 200. Thoſe rays, which are reflected from thence, do not 
come under our preſent conſideration, becauſe they are never refracted 
at all. The greateſt part of the rays then enter the drop, and thoſe paſſing 
on to the ſecond ſur face will moſt of them be tranſmitted through the 
drop, by propoſitions 198, 200. But neither do thoſe rays, which are 
thus tranſmitted, fall under our preſent conſideration, ſince they are not 
reflected. For the rays, which are deſcribed in the propoſition, are ſuch, 
as are twice refracted and once reflected. However, at the ſecond ſurface, 
or hinder part of the drop, at pg ſome few rays will be reflected, by pro- 
poſitions 198, 200, whilſt the ” are tranſmitted ; thoſe rays proceed 
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Jays, which are thus reflected from one and the fame point, when they 
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y propoſition 37; and as the ray 36 falls farther from the 
av than the ray cd, 5þ will be more refracted than cd, as was ſhewn in a 
ſimilar caſe in propoſition 57 ; fo that theſe rays, though parallel to one 
another at their incidence may deſcribe the lines be, and de after refraction, 
and be both of them reflected from one and the fame point e. Now all 
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to deſcribe the lines fb; Fi, Ad remedy 


—— 
ge at 5 and d, they 


are refſected from the fa int e in the lines eg, % the lines of re- 
flection eg and ef will be in eine boch to one another and to the ſur face 
of the drop, ju as much as the lines eb and ed are. Firſt eb and eg make 


juſt the ſame an ngle with the ſurface of the drop, for the angle hex, which 


La wakes with t e ſurface of the drop, is the complement of incidence, 
akes with the ſarface, is the complement of 
n; e other opoſition 201. In 


the ſurface of the bernd dg the angle bed is 


qual to the angle feg, 
or the reflected rays cg, . a n , oborknk 


, de are equally in- 


- lined to each other. bis angle of incidence Taye equal thank 
of reflection gel, and the angle dead is equal to the angle of re- 
ence between the 
angles of reflec- 


flection el, by propoſition 201, Conſequently the di 
angles of incidence is equal to the difference between the 


tion, or bel—del=gel—fel or bed==gef. Since therefore either the lines 
22 the lines e 


eee both to one another and to 


ſurface of the drop 3 the rays will be refracted in the ſame manner, 
whether t 


when they emerge at 5 and 4 would make them parallel, Therefore if 


they are reflected from one and the fame point e in the lines eg, ef; the re- 


fraction, when they emerge at g and 7, will likewiſe make them parallel. 


But though ſuch rays, as are reflected from the fame point in the hind- 


er part of a drop of rain, are parallel to one another, when they emerge, 


and ſo have one condition that is Legat. towards making them effectual; 


yet there is another condition neceſſary: for, by propoſition 3 14, rays, 
that are effectual, muſt be contiguous, as wellas parallel. And though rays, 
which enter the drop in different places, may be parallel, when they 
2 thoſe oy" 125 uy: VOOR, WiKA cater” it W at the fame 
place. 


Let xy, fig · 1, be a [drop of rain, ag the axis or nene of the drop and 


la a ray of light, that comes from the ſun and enters the drop at the point 


a. This ray sa, becauſe it is perpendicular to both the ſurfaces, will paſs 


ſtrait * the drop in the line 4g 3 being refradted, by pro- 
PP P. EY po- 


would be refracted into the lines of their incidence bs, 'de by propc . 


tion 39. wo tpn; bd inſtead of being returned in the lines e, ek 


hey were to return in the lines eb, ed, or are reflected in the 
lines eg, ef. But if they were to return in the lines eb, ed, the refraction, 
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made to converge; but then their focus Will be nearer to the drop t . 
. by propoſition 55. Suppoſe therefor oo th focus to which the | „ 


ter ax, can 
not paſs out in any point above p, but at the points o, or 7, which are be- 


a is 
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0 the: 1 2D, "will be cond, to: co werge A gte — ö 
will meet the axis at b, by propoſition 82. Rays whic 
the axis than 36, ſuch as tho [which Bll e wil — oe. N 


raysthat fall about ze will converge, any ray ze, When it is has deſcri- 1 
Fan ang within the drop ard.is tendilg do-the focus +, will paſs out 


of the drop at the point v. The rays; that fall upon the drop about id more. 


remote all from the axis, will converge to a ſocus ſtill nearer than i 15 6 5 


ſuppoſe at #, by propoſition 57. Theſe rays thetefote go out of the d 
at p. The rays, that fall ſtill more remot 4 


to a focus nearer than +, a> ſuppoſe a 73: and the ray se, when it has de- 


from the axis as ge, will age 


ſeribed the line en within the drop and is tending to i, will paſs out at 
the point o. The rays, that fall Nil more ren ote from the axis, will con- 
verge to a focus ſtill nearer. Thus the ray J will after refraction con- 
verge to a focus at m, which is nearer than 1, and having deſcribed the 

line f+ within the drop, it will paſs out at che point 2. Now here we 


may obſerve that as any rays 35 or 5c, fall farther above the axis ga, the 
Points , or o, where 4 paſs out behind the drop, will be farther above 
g, or that as the incident ray riſes from the axis a, the arc gno encreaſes: 


till we come to ſome ray ad, which paſſes out of the drop at p, and this 
is the higheſt point where any ray, that falls upon the quadrant or quar 
0 ut: for any rays se, or , that fall higher than d, will 


low it. Conſequently though the arc guop encreaſes, whilſt the diſtance of 
the incident ray from the axis 54 encreaſed, till we came to the ray 3a; 


yet afterwards the higher the ray falls above. the axis ga, this arc pong 


will decreaſe. 


We have hitherto ſpoken of the points on the hinder part t of the drop, 


where the rays paſs out of it; but this was for the fake ant determinin 


the points from whence thoſe rays are reflected, which do not paſs out 
behind the drop. For, in explaning the rain-bow, we have no farther 
reaſon to conſider thoſe rays, which go through the drop; ſince they can 


never come to the eye of a 8 any where in the lines rv or 


gt with his face towards the drop. Now as there are many rays, which 


paſs out of the drop between g and p, ſo, by propoſition 200, ſome few 
rays will be reflected from thence ; and conſequently the ſeveral points 


| between g and p, which are the points, where ſome of the rays paſs ont 


of the drop, are unt the points of reflection for the reſt, which do 
not 
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„ _ NATURAL:PHILOSOPHY, wc 
not paſs out. Therefore in reſpe& of thoſe rays, which are refleQed; we 
may call gp the arc of reflection, and may ſay that this are of reflectio 


encreaſes, as the diſtance of the incident ray from the axis 3 encreaſes, 


= 


” | 1 3 | ET Cs | 2422, 
till we come to the ray d, the arc of reflection is gu for the ray , it is 


% 


go for the ray ie, and gp for the ray . But aſter this, as the diſtance of 
the ineident ray from the axis a encreaſes, the arc of reflection decreaſes; 
for og leſs than 5g is the arc of reflection for the ray ze, and ng is the arg 
_ +, From hence it is obvious, that ſome one ray, which falls above 5d, may 
be reflected from the ſame point with ſome other ray, which falls be- 
low sd. Thus for inſtance the ray 5b will be reflected from the point , 
and the ray F will be reflected from the fame point; and conſequently, — 
when the reflected rays nr, ug are refracted as they paſs out of the drop 9 
at 7, and 9, they will be parallel, by what has been ſhewn in the for- 1 
EY mer port of this propoſition. But ſince the intermediate rays, which en- 
ter the drop between f and 5b, are not reflected from the fame point , 


theſe two rays alone will be parallel to one another, when they come out 
of the drop; and the intermediate rays will not be parallel to them. And 
conſequently theſe rays rv, gt, though they are parallel, after they emerge 
at 7 and , will not be contiguous, and for that reaſon will not be effec- 
tual, by propoſition 314. The ray 5d is reflected from p, which has been 
.* ſhewn to be the limit of the arc of reflection; ſuch rays, as fall juſt above 
sd and juſt below ad, will be reflected from nearly the ſame point p, as ap- 
pears from what has been already ſhewn. Theſe rays therefore, will be 
rallel, becauſe they are reflected from the fame point p, and they will 
ikewiſe be contiguous, becauſe they all of them enter the drop at one and 
the ſame place very near to d. Conſequently ſuch rays, as enter the drop 
at d and are reflected from p the limit of the arc of reflection, will be 
effectual, by propoſition 3 14, ſince when they emerge at the fore part 
of the drop between 4 and y they will be both parallel and contiguous. 
If we can make out hereafter that the rain bow is produced, by the 
rays of the ſun, which are thus reflected from drops of rain, as they fall 
whilſt the ſun ſhines upon them, this propoſition may ſerve to ſhew us 
_ that this ce is not produced by any rays, that fall upon any part 
and are reflected from any part of thoſe drops: ſince this appearance can- 
not be produced by any rays but thoſe, which are effectual; and effec- 
tual rays muſt always enter each drop at one certain place in the fore-part 
of it, and muſt likewiſe be reflected from one certain place in the hinder 
ſurface. ar an — 
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— Wo ——B— —Bᷣ— — — — — —u— — | a . 


316. 


1 and 7050 pr bony ; "thoſ „ W 1 155 are moſt Sage. 1 
3 make I 5 the avon he . 
_: 3 ad, which are un an this means the rays © * 
= Lai nd g "Plat. XVI. og 2, beeffedtual Volet rayseme == Tooth 
jw ep at f>, Sn fo op, effectual red fays nie from the e 
ame place. Now though all the violet fays are parallel to ow 4 
the by propoſition 14, becauſe they are ſuppoſed effectual; and thou gh 
all the red rays ate likewiſe parallel to one another for: the ſame reaſon ; yet 
the violet rays will not be parallel to the red rays. Theſe rays, as they have 
different colours, and different degrees of refenagibility, wil diverge uo och 5 
one another, any violet ray gi, which emerges at „ will diverge from 
any red ray gy, which emerges at the fame place. dow both the violet 
ray gi and the red ray gp, as they paſs out of the drop of water into the 
air, will be refracted from the perpendicular Jo. But the violet ray is 
more refrangible than the red one, by propoſition 282, and for that rea- 
Yon gi, ot the refracted violet ray, will make a greater angle with the per⸗ 
pendicular than gp the refracted red ray; or the angle ig will be greater 
than the angle 4 5 cons the incident ray sb to be continued in the di- 
rection a, TY e violet ray ig to be continued backwards in the direction 
E, till it meets the incident ray at E. Suppoſe likewiſe the red ray gg to 
| de continued backwards in the fame manner, till ĩit meets the incident aß 
at 2d. The angle 1s is that which the violet ray, or moſt refrangible 
HB ray at its emerſion, makes with the incident ray: and the angle pros is 
=. that which the red ray, or leaſt refrangible ray at its emerſion, makes 
1 with the incident ray. The angle #ks is leſs than the angle pws. For, in 
= the triangle gk, gas or pros is the external angle at the baſe, and ghiw 
or zks is one of the internal oppoſite angles: and either internal oppo- 
ſite angle is leſs than the external angle at the baſe. Euc. b. I. prop. 16. 
What has been ſhewn to be true of the rays gi and gp might be ſhewn 
in the ſame manner of the rays fh.and n, or of any he rays that 
nay: reſpectively parallel to gi and gp. But all the effectual violet rays 8 
re parallel to gi, and all the effectual red rays are parallel to , by pro- 
poltion 314. Therefore the effectual violet rays at their emerſion make 
a leſs angle with the incident ones than the effectual red ones, And for 
the fame reaſon in all the other ſorts of rays thoſe, which are moſt re- 
frangible, at their emerſion from a drop of rain after one reflection, will 
make a leſs angle with the incident mw than thoſe 850 which are leſs re- 


fra ible, 
= Or 


as they 8 out of water i into air and conſequentiy are refracted 
from à perpendicular, inſtead of going ſtrait . in the line eg c 
|  tinued, they will both be turned round upon the point -from the perpen- 

_ dicular go. Now it is eaſy to conceive that either of lines: might be 
turned in this manner upon the x oint g as upon a center, till they became 
parallel to 36 the incident ray. cif 


refracted would, after emerſion, make no angle 


-upon the point g, or that ra 


, which is moſt refran gible, will after emer- 
fion be neareſt parallel to th 


> incident ray, of will make _ leaft angle 


with it. The fame may be proved of all other rays emerging parallel to 
gi and . reſpeRtively, or of all effectual rays; which: ate moſt 
le, will after emerſion make les angle with then m_ 


2 og oſe do, which are leaſt refrangible. 
But fince the effectual rays of different colours make dif 
With az at their emerſion, they will be ſeparated from one anotl 
that if the e was placed in the am bi it would — — | 
one colour ge m 8585 drop xagy, and 1 it was 2 in the beam Jap. 
The angle ewp gu $f the leaſt refrangible or red rays make wich he 
incident ones, . they emerge ſo as to be effectual, is found by cal 
culation to be 42 degrees 2 minutes, And the angle ok, which the moſt 

incident ones, when they emerge ſo as to 


refrangible rays make with the inc 

be effectual, i is found to be 40 degrees 17 minutes, 'The rays, which have 
nediate degrees of refrangibility, make with the incidentiones 

intermediate "ny between 42 degree 2 minutes and 40 e 4 


mitutes. 


317 25 4 nN is; 2 to che FIR from the ag the for through 
x be eye of the ſpectator, the angle, which any effettual ray after tao. 
+] rattions and one reflection makes with th the. incident ray, will be 
equal to the angle, which it makes with that line. 


Let the eye of the ſpectator be at i, Plat, XVII. fig. 2, and let ge be the 
line ſuppoſed to be drawn from the center of the fun through the eye of 
the ſpectator; the angle git, which any effectual ray makes with this line, 
will be equal to the —— 72 which the ſame ray makes with the incident 
ray 85 or 5k, If 3b is ray coming from the center of the ſun, then ſince ge 

is —ê— to be draun from the ſame L theſe two lines, — ac- 
count 


* r fame "SPE | 


either of theſe lines or rays were 
refracted ſo much e parallel to 5b, the ray © much 
ith 5#; becauſe it would 

be parallel to it. And conſequently that ray, which-ismoſt tumedrobnd z 


Frm 1 — — el to one another, ei) appear So 5 
* 
. — 5 3 the rh. line * Fon theſe two HED * will | 


gt Wh © the FS FRI, 455 Ss 1 falling; the 
2 that come fron thoſe dps. 70 2 EO 0 2 e, af ter one 
Þ „ e e ſhines jag inc dels there are commonly Wo two! 
1B bos, as AFB, CHD, Plat. XVII. fig 4. or if the cloud and Si does no 5 


reach over that whole fide of the y.where the bows appear, then on 

1 5 a part of one or of both bows is ſeen in that place, where the rain falls. 

3Y „ Of chen two bows the inn rmoſt AFB is the more vivid of the two, and 
ly kr iis is ealled the primary bow; The gs T TFT 2 primary. bow 


9 . 0 4 falls upon any, drop. F d. 
rays, Tat 2 at F in the line FO ſo as to be cffeaual,. 1 
anf angle FOP of 42 degrees 2 minutes with the line LP, E 


ee rays make an angle of 42 degrees à minutes with the inciden _  - 
| by ara won i, md conſequently theſe 2 ay will be red; by propo- 
3 ſition 3163 ſo Is the drop E will pear oo All the other rays, which | 

|: emerge at F, and would be effectual if they fell upon the eye, are re 
ted more than the red ones and conſequently will paſs above the eye. 
If a beam of light 8 falls upon the drop E, and the rays, that emerge = 
E in the line EO ſo as to beef effectual, make an angle EO of 40 degrees ; 
157 minutes with the line LP; then theſe effectual ra s make likewiſe 
— an angle of 40 degrees 27 minutes with the incident rays; by propoſitio * 
317, and the drop E will appear of a violet colour, by prepoſition 316. 
| All the other rays, which emerge at E, and would be effectual i they 
came to the eye, are refracted leſs than the violet ones, and therefore pals 
below the eye. The intermediate drops between F and E will for the lame 
reaſons be of the intermediate colours. 

Thus we have ſhewn why a {et of drops from F to E, 1 are 78 8 
ling, ſhould appear of the primary colours, red, orange, yellow, green, 
blue, indigo, and violet. It is not neceſſa that the ſeveral drops, which 
produce theſe colours, ſhould al all of them Gl at —— the ſame 2 

| rom 
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"raya make 6 with the line LP, ende the | 
drops w be ol or he fans a cha the | 
| 8 dr F. is of eee at s ror eh, ee; EEE 2 | 
I FOP was to turn . upon the ng OP, that o 
-line hould always be at the eye andthe other be at P : 
ſuch a n motion of this fig Fe er Or wit hs oe 


gene c "gs bras | ng the incide in 
5 Wuateper part of the are ATF 
Therefore whether the drop 18864 ; . ora T. oratY, or at! 
elfe it vin this whole arc, it would ppc: 


fall, are not indeed 
g at once in he ; =p>6 ol 


nerable of them e la li 
one drop is at F, there will be others at Y, at T, at B, at. 


5 part of the are ATP TE: and all theſe drops will bz 
* fo th in de the . have been red, if it had | 


. Therefore, when the fun ſhines upon the rain as . 

be a red arc a kings ite to the ſun, In the fame 
is che drop E is violet, we m en prove that any other 
- hy whilſt it it is falling, is in any UG arc AVEXB, will be 


equently, at the fame time that the red arc ATFYB pears, | 
there will likewif 0 a violet a arc AVEXB, below or within it. FE 1 18 
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2 the horizon; 
2 minutes from P, 
of the bo at this 


3 
will be 22 de- 


. 
pm, the 8 at this : 
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center is 


Pie comer of the bow will bein 
5p:of the bow will be 42 
ede belt becauſe 


bow Was more 3 P the center of itmuſtbes a 
von: but. P is always oppoſite to the P cannot be aborethe 
horizon, unleſs the ſun is below it: anch When the nl e elow' the 
| horizon, it cannot ſhine upon the drops of rain, as they fall, andi conſe- 
quent when the ſun is below the horizon, no bow at all; e 
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g , the rays-of ile Mun fall aan a d of rain, 
ter tuo reflectiuns and two ręfructions may come tot 
dvr, who bas his back toward the 
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ge of a fdetta- 
and his face towards the drop. 
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er 
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ee . will; 2 
Aer two refrattions and two ref Hint. 5 


pſition 27, and will be e o oh. 
tion 48. As theſe rays are blique, their focus will 
> ww. If the rays, after 

will diverge from "iD inthe directions kb, Ei, 
1 diſtance of the conca reſlecting ſurface 
ſition 211. Theſerays | 

fg, and will meet in 


rays bf, 2g 
bf, i is; are refleted again from the concave 


7 TT furt — 


— ws. <> 


———— Pa YI —ů— > 


—— — 


. K 


7 rays, FER 11 
ons and two 


at any yo 55 Plat. XY 4 


frangible, and bm is a v. 


i a red ray, which is of? | ethers the leaſt 5 

let ray, which is of all others the moſt refrangible, when theſe two 
emerge at & the violet ray will be refracte > from the perpend 
lar zæ than the red ray, and the refracted xöm Will be greater 


the refracted angle xbs, From hence it follows that theſe two rays after 
emerſion will diverge from one another. In like manner, the rays, that 
emerge at d, will diverge from one another} a red ray will emerge in 

the line dh, a violet ray in the line df. So that though all the effectual 
ed rays of the beam bdrmnt are parallel to one anothor, and all the effec- 
tual red rays of the beam bdop are likewiſe parallel to one another, yet the 
1 to the red ones, but the violet ben 


violet rays will not be para 
diverge from the red beam. 
parated from one another. 
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minutes and 50 degrees minutes. 


1 1 6 | 7 7 | ente lun throug : 1 
cckath; the angle, which after two refractiens and 
efeHtual ray, makes with the incident ray, will ble 


reflection 


eegua to the angle, cobich it males with that pv 1 * 1 2 


at, XVII. fig. 3, is an incident ray, 
drawn from the center of the ſun through o 1 eye of the 2 | 
ch the effectual ray makes with the incident ag. 
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44. 
8 rays will —_ it: for as all the of 
Do, propoſitions 322, 323, they will fall above the 
. In ike manger, if the effectual rays, that emerge from 

de of 50 K oe 7 minutes with 


a greater angle with the tions 322, 32 
low the eye at O. For the fame reaſon the 1 rays emerging from the in- 
termediate drops between Hand E, and coming to the ſpectators eye 


O, will emerge at intermediate angles and therefore, 
=: | Will have the intermediate colours. Thijs; if there are ſeven drops from 
| 5 H to G incluſively, their colours will be violet, indigo, blue, g ben, 9e 1 


and red. This coloured line is the breadth of the ; 


175 
* 


by, oran 


| e Sy one af the 0 OP with Beg opening 0p, it 4s plane 
5 from the ſuppoſition that, in ſuch a revolution of t drop H, the angle 


Rs 


HOP would be the fame, and conſequently the emerging 
i make the ſame angle with the incident ones, But in ſuch a revolution 
the drop would deſcribe a circle of which P would be the center and 


. 


CNHRD an arc. Conſequently, ſince, when the drop is at N, or at R, 
or any where elſe in that arc, the emerging tays make the fame angle 
with the incident ones, as when the drop is at fl the colour of the 

5 5 W 


5 been only once 
$, 28 have 


nt rays, th ed ones, 
by prop gg rays! make a leſs angle with 
the lines OP, 1 XVII. f g. 4, than the red ones, by propoſition 3 17. 
But in the primary rainbow the rays are only once reflected, and the 
angle, which the effectual rays make with OP, is the diſtance of the 
coloured drop frgm P the center of the bow, by propoſition 318. There- 
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